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COMPUTER PROGRAM FOR CALCULATION OF
REAL GAS TURBULENT BOUNDARY LAYERS WITH

VARIABLE EDGE ENTROPY

By Lillian R. Boney

Langley Research Center

SUMMARY

This report describes a computer program developed at NASA-LRC for
the caleulation of real gas turbulent boundary layers with variable edge
entropy on a blunt come or flat plate at zero angle of attack. The ens—
lytical techniques employed and results obtained using the program have
been previously reported in (ref. 42) NASA TN D-6217. The deteils of the
coding end operation of the program are discussed in the present report.
The digital computer program is described in detail including the flow-
charts, program code and instructions for use with sample input and ocutput.
The program is written in FORTRAN IV language for use on a CDC 6600 computer.

An integral method is used to compute turbulent boundary layer. The
method includes the effect of real gas in thermodynamic equilibrium and
variable edge entropy. A modified Crocco enthalpy veloeity relationship
is used for the enthalpy profilesvand an empirical correlation of the
N-power law profile is used for the velocity profile. The skin friction
coefficient expression of Van Driest, corrected for axisymmetric flow by
s turbulent Mangler transformation is used in the solution of the momentum

equation. The value of the local coefficient of gkin frietion is also

NASA-Langley Form 22 (Apr 69)



\D @ =~ N £ A

10

12
13
1k
15
16
17
18
19
20
21
22
23
2

25

ecalculated using Spalding-Chi and Eckert's theories. Heat-transfer
predictions are obtained by use of various modified forms of Reynoldsz
analogy.

The program is written in FORTRAN IV language for use on a CDC
6000 series computer.

Minimum machine requirements are 77000 octal locations of core storage
and three input tapes.

The calculation of & typical case with 25 points on the body and

four iterations required 260 seconds of CDC 6600 machine time.
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INTRODUCTION

This report describes the analytical techniques employed in the cal-
culation of the turbulent boundary layer with variable edge entropy on a
blunt cone at zero angle of attack or on a flat plate. The description
of theory was previously reported in NASA TN D-6217 (ref. 42) and is re-
peated here for ready reference.

In the section entitled Pfogram Description a description of the
function performed by each subroutine in the program is given. TFlowcharts
are provided for the more complicated subroutines. The descriptions of
the subroutines are intended as a guide in relating the analysis and govern-
ing equations presented in NASA TND 6217 to the program described in the
present report.

The section entitled Input Deseription gives instructions oﬁ the
preparastion of input data for the computer program. Sample turbulent boundary
layer flight calculations at an altitude of 60,000 ft. and flight.conditions
of approximstely 19,000 ft./sec. for a 13 ft. long, 5° half angle cone with
a nose radius of .ﬁ.inch are used to demonstrate the use of the program.

In the section entitled Output Description some of the results of this cal-

culation are used to describe the form of the output data.
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SYMBOLS

area

coefficients in equations (10} and (12)

speed of sound

average skin-friction coefficient based on conditions
at edge of boundary layer

local skin-friction coefficient based on conditions at
edge of boundary layer

functions given by equations {(20), (21), and (22)

Mengler transformation factor

a dimensional constant to convert from slug/ft3 to lbm/ft3

total enthalpy

static enthalpy

heat-trangfer coefficient

Mach number

exponent in velocity-profile relation

Prandtl number

recovery factor

local Stanton number based on conditions at the edge of the
boundary layer

pressure

normalized heat~transfer rate
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y/rn

-

G/rn

heating rate

unit Reyno;ds,number

Reynolds anelogy factor

local Reynolds number based on surface distance x/rn

local Reynolds number based on momentum thickness

dimensionless body radius

nose radius

dimensionless radius out to shock (entering stream tube)

entropy

temperatufe

velocity along x/rn

velocity along y/r,

surface distance

normalized surface distance from stagnation point or
sharp-cone apex

distance from virtual origin of turbulent boundary layer

normalized coordinate normal to wall

correlation parameter defined by equation (8)

exponent in equation (10)

ratic of specific heats

dimensionless boundary-layer thickness
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2
3 6*/rn dimensionless displacement thickness
L B/rn dimensionless momentum thickness
5 Gc : cone half-angle
£ o) density
7 T shear siress
8 s
Subscripts:
9 aw adiabatic wall
10
e edge of boundary layer
11 . . .
i incompressible value
12 .
max maximum
15 R one of three regions in boundary layer, I, II, or ITI
1k s shock conditions
15 . .
t stagnation conditions
16 tr transition
17 W wall
18 o free-gtream value
1l
9 Primes denote evaluation at reference enthalpy condition of
20
equations (13).
21
22
23
o4
25
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2
PROBLEM DISCUSSICN
3
b Thermodynamic Properties for a Real Gas
> The physical problem to be considered is that of a blunt body traveling -
6 ina homogeneous gas with known thermodynamic properties. The gas in which
K the‘body is traveling can be in any state of molecular excitation provided
8 it is in thermodynamic equilibrium. For use in the present program the
9 caleulated values of the thermodynamic properties of several gases have been

10 spline fitted with cubics and the coefficients of the cubics have been
11 stored on magnetic tape (TAPELQ} by NASA~Ames Research Center. The
12 gsubroutine RGAS described in reference 27 reads the tape, searches for the

13 proper coefficients, and evaluates the desired properties.

14

15 Inviscid Flow Field and Laminar Boundary Layer

16 Prior to the turbulent boundary layer calculation, the inviscid flow

17 field is determined by the Lomax and Inouye blunt-body and method of

18 characteristies programs. {See refs. 27 and 34.) The inviscid solution

19 gives the first-order stagnation entropy flow property distribution along

20 the body which is used as the initiai estimate of conditions at the edge of

o1 the boundary layer. In addition, the shock shape rS/rn and entropy

o0 distributidn along the shock are found from the inviscid solution. The resulfs
23 of the inviscid solution are first used to make a laminar boundary-laeyer |
o) calculation, with variable entropy, over the entire length of the body.

25 (See ref. 35.)
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The initial use of the edge conditions from the varlable-entropy
solution for laminar flow enables the turbulent calculation to be completed
in less time than the initial use of the stagnation entropy edge conditions
directly from the inviscid solution. Subroutine CRRD reads the inviscild
flow field from tapes generated by the Lomax and Inouye blunt body and
method of characteristics programs. The lamipar boundary layer program
puniches on cards tables of rs/rn and dimensionless shear as functions of

x/rn which are read as input to the turbulent boundary layer program.

Transition Region
The turbulent boundsry layer calculation is initiated at the point
where transition has been determined to start (XMIN). The region from
the end of the laminar flow solution to the point where the solution is
considered to be fully turbulent (X2REX) is defined as the transition
region. The velocity profile at the end of the transition region is

printed in subroutine FOFX.

Turbulent Boundary Layer
The general method of calculation ofrthe turbulent boundary layer is
an iterative procedure which requires a calculation from the beginning of
trensition (XMIN) to the end of the body (XMAXTB(20)) to be repeated until
the velocity at the edge of the boundary layer changes less than UERR from

one iteration to the next.
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% The momentum integral equation (eq. 3} is solved by a variable step
N size fifth-order Runge Kutte numerical scheme (subroutine INT1A}. The
5 caleulation of the integrals from the wall to the edge of the boundary
6 layer (eq. 4, 5, 19) is by Gaussian quadrature (subroutine VGAUSS).
7 Variable-Entropy Momentum Integral Equastion
8 The boundary-layer equations for the conservation of mass and
9 momentum for application to a body of revolution at zero angle of
10 attack are
1
12 . r
apu =) apv -]
13 n n
X * X =0 )
14 ] o 2 o
n n
15
16
17
ou 31}.1{ + pv Ju_ _ _ d;p; + T (2)
18 3 = 9 “:_r- a@ T~ 3 %—
n n n n

19
20
21 s ry

where p = p(x) and ol
22 n n
25
24
25
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1 Equations (1) and (2) are combined and integrated from the wall to

2 the edge of the boundary layer. The resulting equations are cast in an

3 integral form amensble for numerical integration as
L
> 8 Ty
qa — * d —
6 ‘n _ Cf & &%/ n\ 1 due 1 dpe 1 Tn
= 2—- _ — 2.0 + -7—8 {1"" + — + /
a = Tn Tn e d — F:’ed-j'—c- r“brncil—ﬁ
T T n Tn ™
8
. . S/rn ﬁpe g, . due 3)
Yo \d X PeMe g X
r r
10 n n
11 * .
where 3 /rn and 0 /rn are defined by
12
13 1.0 5 ¥/%
* co8 B .x v &/ ©°F © y/r
14 & fi.0+ c®)\. 38 1.0 - 22 Y10+ 0 1 d
r, T, T r Pl Ty / r, 8/r
15 2 2 0
n
16
(&)
17
/f cos 8 \ ¥ B5/r. %8 8, v/
19 ;2 1.0 + —— c B\ . ;§- J/ﬂ—9§- 1.0 = = )\1.0 + -2 ? a 57
n 5 b 'n n Pele Ue T/ Th
20 oo Y
n
21 (5)
22
23 Equation (3) is similar to the well-known momentum integral equation
24 (eq. (2), Ch. 9 of ref. 10), with the exception of the additional term
25 |

10
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n = C = (6)
Ye la S I:}eue a X
r r
n n

For configurations with slight nose bluntness, a varisble—entropy condition
exists along the edge of the boundary layer. Therefore, the Bernoulli

equation is not applicable and the previous term {eq. (6)) is =added.

Velocity Profile

The velocity profiles used in the integral parameters {egs. (%) and

(5)) were calculated from the N-power law relations:
1/N
v/r /
= - \sm (7)
ue 3] rn

The value of N was calculated from a correlation of data taken

from references 11 to 24 and correlate as

N=6.01logz-7T.0 )
where
1/2 1/3
R 1/3 EE xvo/rn (
2 = €,0 TE S;rn (8)
Mel/h )

The Xvo/rn used in equation (8) is the dimensionless distance from the
virtual origin of turbulent flow. The expression used to find the virtual

origin distance on a cone is

11
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vo i (9)
T o
n 1.045 Cp
2

where Eﬁ/2 is the Spalding~Chi (ref. 7) average value of skin friction

and e/rn is the loczl value of momentum thickness.

Density Profiles

The - calculation of a density profile through the boundary layer is
based on the assumption that the total enthalpy through the boundary
layer veries as a function of u/ue according to a modified form of the

Croceo expresssion given by

H-h a

w ul R
F—h Ag ¥ BR(?;_) (10)
e W e

i

The total enthalpy at any point in the boundary layer is given by

2
H=h+§-— _ (11)

When equations (10) and (11) are combined, the resulting expression for

static enthalpy is
2

P
h=nh + (He - hw){AR + BR(EZ.)QRE - —-g—— (1—1—;—1-) (12)

where the coefficients AR and BR and the exponent ap  vary with

three regions of calculation through the boundary layer (dencted by

12
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1  subsecripts I, II, and III) which are as follows:

2 Region I (wall) (0 < u/u_e < 0.01). — The coefficients for the wall
3 region as used in equation (12) are
4L
b= O )
P
6 Hoo-h (Npr)w >
7 By = H - h "\ 2/3 (13)
v ()
8 .
ap = 1.0 /
9
o where the coefficient BI 1s derived from
1
n H~h
d
H =h
1 .
y = (14)
4 —= '
1
3 u,
w
1k

15  combined with the energy equation, the Fourier conduction law, and the
16  Colburn form of the Reynolds analogy. (See ref. 28.) The prime indicates

17  that the Prandtl mumber is evaluated at Eckert's reference enthalpy which

19
v ;( )

. h = (b +n, +O.22(haw-—he) (15)
21 yhere h_ =h_ +N (H —h) and N_ = 0.89 were used. The local N

aw e rie e T Pr
22 is found from table IV of reference 29 where the Prandtl number is tabulsted
23 as 2 function of temperature and pressures. The temperature used to deter—
2k mine the Prandtl number in reference 20 is found from the real—gas thermo—
25

dynamic tebles as a function of h' (eq. (15)) and the local pressure P,

13
NASA-Langley Form 22 (Apr 69}



1 Region ITI {cuter) (0.1 < u/ue < 1.0). — The coefficients for the

2 outer region (region III) as used in equation (10) are

3

) Appp = 9

5 Brpr = 1.0 (16)

6

- Orry T Constant at a given x station

8 The value of Gprq varies linearly from an initial value (ALMIN)

9 at the start of transition to AIX at the end of the transition region.
10 3egion II (intermediate) (0.0l < u/ue < 0.1). - Regions I and ITI
11 are joined by an intermediate linear relationship which matches the
12 region I (wall) equation at u/ue = 0.01 and the region IIT (outer) at
13 u/ue = 0.10, where the coefficients used in equation (10) for the inter—
1k mediate region are calculated from
15
16 AL = BIII(G.l)aIII 0B, )

o 5. (0.1) TT _ 5 (0.01)

18 BII - 1 (0.06) L . (17)
19

20 Oy = 1.0 /

2l It should be noted that the boundaries of the three regions may be different
22 from the values assumed herein. (See ref., 8.)

23

2l

25 ' 14
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Mass Flow Into Boundary Layer

2
3 The change in entropy at the edge of the boundary layer is determined
b from the entropy distribution along the shock. The variation in boundary-
2 layer edge conditions due to change in entropy may be calculated by balancing
6 the mass flow in the boundary layer with that entering the stream tube
7 through the shock given by
8 2
T o
9 2x (-—-—) pu = fpudA (18)
rn o w a
10 .
1 The expression for the shock radius is then given by
12
13 1.9 2 .Y/I'n cos 8
r r. o u r_ 5/r y/r
1k £ ooyfe2eed fou {;0,n "0 a =2 (19)
r, T, Ol Ty s Ple rb/r &8/r
1>
16
The value of the entropy at the edge of the boundary layer is found with
17
rs/rn (from eg. (19)) from a table of shock radius and shock entropy from
18
the inviscid calculation.
19
20
Skin—Friction Caleulation
21
22 The calculation of the Van Driest IT theory in reference 30 (described
23 in detail in ref. 6) uses a Karman-Schoenherr incompressible skin~frietion
24 expression. The Karman—Schoenherr equation uses & transformed value of the
25 local Reynolds number based on momentum thickness to obtein skin—friction

15
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coefficient for the incompressible plane. The skin—friction coefficient
for the incompressible plane is transformed to the compressible plane by
using an expression which is a function of Me’ and Tw/Te’ and is analogous
to the Spalding-Chi F_ function. (See vef. 7.) This analogous F,
function is referred to as the "Van Driest IT F, function” and is givén

in reference 6 ag

2
0.176Me
Fo = sin g + sin—lB (20)
where o and B are functions of Mach nmumber and temperature ratio.
(See ref. 6.)
The general expression given in reference 7 for FC is
L1 u-e
F = _[(_9) a = (21)
¢ 0 pe e

The F. function given in eguation (21) may be integrated by using
a real-gas variation of equation {12); however, the correct values of op
must be used. The ideal gas Fc function used in reference 7 to correlate

the skin-friction data is given by

u
1 4 =

e

- |
Fe = OfT N , T N pl o2 /21 (e2)
N

where Nr’ as used in reference 7, is equal to 0.89. Equation (22) was
derived from equation (21) with the assumption of a linear Crocco relation-—

ship (that is, o, = 1.0). The local skin-friction coefficient cbtained

16



1 from the tufbulent-flat—plate theories from either reference 7 or reference

2 6 must be corrected for application to a cone by the Mangler transformation
3 fTactor FMT' (See equations 33, 34.) The local skin frietion on a cone
L downstream of the end of transition is found from
p)
C C
: () - ony () ()
Cone Flat plate
i
8 where for fully turbulent flow
9 F._ = 1.176 (24)
MT
10
11 The value of the local coefficient of skin friction needed at each

1P point of calcewlation in order to evaluate the right-hand side of equation

1% {3) is determined from Van Driest II (ref. 6) theory, calculated by ﬁse

14 ~ of a Reynolds number based on momentum thickness. Subroutine CFA also

15 computes skin friction coefficieht by seven additionsal methods which are givén

16 in the output for comparison: (1) Van Driest II based on Rex’ {2) Spaldingacyi
17 based on Rex and ideal gas FC function, (3) Eckert's reference enthalpy based
18 on R_, . (k) Eckert's reference enthalpy based on Re IN’ (5) Eckert's refer-
19 ence enthalpy based on R o, (6) Spalding-Chi based on Reg ©nd ideal gas F,

20 function, (7) Spalding-Chi based on Ree and real gas Fc function.

21
o2 Transition Region Skin Friction
23
The value of Cf/2 in the transition region is assumed to vary as
24
2 e 95! PN S [(E.I.".) (%) J (25)
2 2 - \"=
by 2 tamn ¥ [\ o 2/,
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where

-
i

tanh ¥ + tanh X

e
1

<
|

2

and ¥ = Constant.

The value of N in the transition region is assumed to vary as

b4

N=Np* 2%amny (Nturb - Ntr) (26)

where Y is the expression used in equation (25) and ¥ = 2.0. The value

of Ntr is taken from the_theoretical leminar calculation. The value of

N at the end of the transition Niwrp 18 calculated from equation (8).
The value of o__. used in equation (12) varies linearly from an

IIT

initial vaiue (AIMIN) at the start of transition to aIII = 1.0 (AIX)

at the end of the transition region.

Heat Transfer

The local Stanton number is calculated from a modified Reynolds

analogy in the form

g
St,e = RKF (27)

NASA-Langley Form 22 (Apr 69)
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where RAF is the Reynolds analogy factor. The value of the RAF depends
on which local fturbulent skin—friction theory is used. If the Van Driest II
(ref. &) is used for heat transfer, the Reynolds analogy factor is a function

of hw/He as listed in teble I and for the Spalding-Chi skin—friction theory

(ref. T), Rpg = @T—)%B .
Pr

TARIE I. — VARTATION CF REYNOLDS ANATLOGY FACTOR WITH hW/He

b /8, Ryp

hW
& < 0.2 1.0
e

h . h h \S
0.2 < ﬁﬂ < 0.65 0.8311 + 0.9675 H——W - 0.6142 (-ﬁ"i

[ e e
h‘W’
E; > 0.65 1.2

- The value of Nfr is taken from tables of Prandtl number given in
reference 29 evalueted at h' (see eg. (15)) and the local static pressure.
The loecal heat—transfer coefficient h 1is ealculated from

)

b= NSt,euepe (28)
The heating rate g 1is calculated from

q = h(haw - h'W') (29)
where h_ =h_ + N (He - he) vhere N_ = 0.89.

19
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The variation of the wall shear is calculated from

T 2
Ta = T8 Pole (30)
Transformation of the Local and Aversge Turbulent Skin
Friction from a Flat—Piate to a Sharp—Cone Value
Local Skin Friction
The general form of the Mangler transformation factor ¥ (see ref.

MT
41) converting local flat-plate skin friction to a sharp—cone value is

- ~1/n
A
% rb n—1
¢ ==
f'Cone rn n
Fur = o] N S (31
Plat plate n/r yn~1
Jf. (~Eq a =
0 \"n *n|
When the Blasius form of the turbulent skin frietion for a'flat plate
—l/n
Cp X R, (32)

is used, with n = 5.0, aleng with the assumption of turbulent flow over

the entire cone, the resulting Mangler transformation factor is

F..=1.176

- (33)

In the region of fully turbulent flow, the Fyp = 1-176 (eq. (33))

was used for the caleulations in which the Van Driest IT skin-friction

20
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theory was used. When the Spelding-Chi skin—friction theory was used,

an alternate variation of the FMT was used which took into account the
transition from a laminar Fy_ /3) to a turbulent Fyp (1.176) in
the form
2 —| x XvO
For _E\EFMT+3O—P}—-—-—I_——) (34)
n a1
0
where
5 = 0.30013%6
/% 0
rn - rn
max G

The (x vO/rn) term was evaluated at the beginning of fully turbulent
0]
flow from equation (9) and the (x/rn) was evaluated at the end of
max :

the cone.

Average Skin Frietion

The ratio of the average skin friction on a sharp cone to that on a

flat plate is
L

f(cf) aa
¢ Cone
_ T
CFI f da ’
——CORS 2 (35)
C L )
FlFlat Late f(cf) a =
P 0 Flat plate Tn
L x
d rn
0

2l
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where I 1is a constant and is the same for the flat plate and cone. When
equations (32) and (33) are substituted into equation (35) and the indicated
integration is performed, the resulting ratio of the average skin friction
on & cone to that on a flat plate is

¢
Cone

- = 1.045 (36)
Cp
Flat plate

- PROGRAM DESCRIPTION

The turbulent boundary layer program ié written in FORTRAN IV. The
various portions of the program, the main program D3340 and subroutines,
are given. The‘function performed by each subroutine is explained.
Flow charts are provided for the more complicated subroutines. A FORTRAN
listing is given for each subroutine. Librery subroutines DIF for
differentiation, DISCOT, UNS, DISSER, LAGRAN for interpolation, and INTIA,
VGAUSS for integration are used. A description of these subroutines
is included in the appendix.

An alphabetical listing of Subroutines with the calling programs

written in parentheses.

Q;;&gy- Program D3340 computes the equilibrium gas compressible turbulent
boundary layer over blunt cones or flat plates including the effects of

variable entropy.

22



2
3 AL3CAL. (D3340, DERSUB)
n Subroutine AL3CAL computes coefficients Uy BII’ AII for use in
5 the caleulation of density profiles.
¢ CFA. {D3340)
7 Subroutine CFA computes skin friction coefficient by seven methods——
. (i '
g Van Driest (Rex)’ Spalding-Chi I (Rex)’ Eckert's reference enthalpy (Rex),
g Ickert's reference enthalpy (R ), Eckert's reference enthalpy (R .},
eXyIN ed
10 Spalding-Chi I (R_g), Spalding-Chi IT (R_g).
11 CFCAL. (DERSUB )
12 Subroutine CFCAL computes the VanDriest II Fc function to correlsate

13 the skin-friction data.

14 CHECK. (D3340)

15 Subroutine to be used by INTIA to allow certein logical control.

16 The control is not desired in this case and a dummy subroutine is

17 inserted.

18 CMT. (CFA)

19 Subroutine CMT computes Mangler transformation factor for VanDriest
oo &and Eckert's skin-friction coefficient.

o1 CMI1. (CFA)

o0 Subroutine CMT1 computes Mangler transformation factor for Spaiding-
235 Chi skin-friction coefficient.

ol CRRD. (D3340)

o5 Subroutine CRRD reads inviscid flow field from tapes 15, 16, 22 if

CARD = 0 is input. This subroutine computes tables of x/rn, rb/rn,

NASA-Langley Form 22 (Apr 69) 23
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5, p, on body and rS/rn, s on shock.
DELITR. (DERSUB)

Subroutine DELITR computes boundary layer thickness for cone or
flat plate and displacement thickness for flat plate,
DERSUB. {D3340)

Subroutine DERSUB evaluates the derivative of the varisble entropy
momentum integral equation.
DIF. (D3340)

This is a function subprogram which differentiates the function at
any given point in a table of supplied values. \
DISCOT. (D3340, CFA, DERSUB, EDGE)

Single or double interpolation subroutine for continuous or dis-
continuous functions.

DISSER. (DISCOT)

Library subroutine used by DISCOT.
EDGE. (D3340, DERSUB)

Subroutine EDGE computes the initial conditions at the edge of the
boundary layer using the results of the inviscid solution and the
laminar boundary layer calculation.

FQFX. (DELITR, START)
Function subroutine FOFX computes integrals in the boundary layer

equations for conservation of mass and momentum.

2k
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FOFZ. (CFA, CFCAL)

Function subroutine FOFZ computes the ideal gas Fc function to
correlate the skin-friection data.
FOFZA. (CFA)

Funetion subroutine FOFZA computes the real gas FC function to
correlate the skin-friction data.
INPN2, (D3340)

Subroutine INPN2 reads NAMELIST $N2 if CARD = 1. is input. Given
cone angle, shock angle, constant presswre and entropy this subroutine
computes tables of x/rn, rb/rn, 8, p on body and rS/rn, 8 on shock.
INT1A. (D3340)

INT1A is a closed subroutine for the solution of a set of
ordinary differential equations.

LAGRAN. (DISCOT)

Library subroutine used by DISCOT,
RFCAL. (CFA)

Subroutine RFCAL ccmputes Reynolds analogy factor for VanDriest
skip—friction theory. |
RFCAL1. (CFA)

Bubroutine RFCAL1l computes Reynolds analogy factor for Spelding-
Chi and Eckert's skin-friction theories.

RGAS. (D3340, EDGE, RGASH, RGAST)
Subroutine RGAS computes the thermodynamic properties for a resl

gas.,

25
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RGASH. (CFA, EDGE, FOFX, FOFZA)

Subroutine RGASH computes thermodynamic properties density, speed
of sound, temperature and entropy given pressure, enthalpy and an esti-
mate of entropy.

RGAST. (D3340, EDGE)

Subroutine RGAST computes thermodynemic properties density, speed of
sound, enthelpy and entropy, given pressure, tempersture and an estimate
of entropy.

ROLL,. (RGAS)

Subroutine called by RGAS to position TAPE1Q to proper file for gas
properties,

SERCH. (RGAS)

Subroutine called by RGAS to locate information for gas properties.
START. (D3340)

Subroutine START computes initial values of boundary layer thickness,

displacement thickness, momentum thickness, skin-friction coefficient.

~ UNS. (DIScoT)

Library Subroutine used by DISCOT.
VANDCF. (CFCAL)

Subroutine VANDCF computes the VenDriest II skin-friction coefficient
using Reynolds number based on momentum thickness. |
VGAUSS. (CFA, CFACAL, DELITR, START)

To compute the integrals f:Fi(x) dx for i =1, 2, 3,~=—, number.
WRTS. (CFa)

Subroutine WRTS computes heat transfer coefficient and heating rates

based on each skin-friction theory and prints output.

NASA-Langley Form 22 (Apr 69) 26
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D33%0
Main
Progrem

—{ START} vGAUSS (FOFX ) RGASH] RGAS]

RGASH }—RGAS]
1 EDGE |-~ RGAST ——{RGAS]
DERSUB ALICAL
—{INT1A [VANDCH
CHECK CFCAL
VGAUSS(FOFZ )
{DELITR}-{VGAUSS (FOFX - RGASH|—{ RGAS]
| |
—VGAUSS( FOFZ )|
CFA —{CMT1
RFCAL

—{VGAUSS{ FOFZ.A ) RGASH—{RGAS

RGASH —{RGAS

WRTS

A Ylow Diagrsm of D3340 by Subroutines Called

NASA-ILangley Form 22 (Apr 69)
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Fortran Subroutines and their functions with flow charts

Qgg&g.—Program D3340 computes the equilibrium gas compressible turbulent
boundary lsyer over blunt cones or flat plates including the effects of
variable entropy. The boundary-layer equations for the conservation of
mass and momentum are combined and integrated from the wall to the edge
of the boundary leyer. Prior to the boundary-lgyer calculation, the invis-
cid flow field must be determined. The Lomax and Inouye blunt~body and
method-of-characteristics programs were used to make this determination.
(See refs. 27 and 34.) The inviscid solution gives the first-order stag-
nation entropy flow property distribution along the body which is used as
the initial estimste of conditions at the edge of the boundary layer. In
addition, the shock shape rS/rn and entropy distribution along the shock
are found from the inviscid solution. -The results of the inviscid solution
are first used to make a laminar boundary-layer caleulstion, with varisble
entropy, over the entire length of the body. (See ref. 35.) The turbulent-
boundary-layer calculation is initiated at the point where transition has
been determined to start (XMIN). The initisl edge conditione used in the
turbulent-boundary-layer calculation come from the laminar solution.

The momentum integral equation (eq. 3) is solved by a variable-step-

size fifth-order Runge-Kutts numerical scheme. The iterstive procedure

28
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requires a calculation from the beginning of transition to the end of
the body to be repeated until the velocity at the edge of the boundary-
layer changes less than UERR from one iteration to the next.

Skin friction, heat transfer coefficient and heating rate are
calculated by VanDriest II theory with Reynolds number based on momentum
thickness. In addition, skin-friction, heat transfer coefficient and
heating rate sre calculated by Spalding-Chi and Eckerts reference enthalpy
theories with Reynolds number based on surface distance or momentum thickness.
These additional skin~-friction theories are not used in the calculation of
the momentum eguation but are printed output from the program.

The velocity profile through the boundary-layer at the end of tran-
sition (XOREX + .01) is printed output from the subroutine FOFX.

The thermodynsmic properties for a real gas in thermodyngmic equili-
brium are calculated by the RGAS subroutine described by Lomax and Inouye
(ref. 27). The RGAS subroutine requires the use of TAPE1Q which contains
on file 1 the information for Nitrogen and on file 2 the information for
Air, T < 27000°R.

A maximum of 160 stations along the body may be retained in a block
of common storage. This block is replaced in the course of each
iteration. Thus, values from the final iteration ﬁre available at the
end of the program and the user may call his own plotting program for plots

of X, N, R M, 8§, &%, 8, h/H, R 0 8/8gs u/uys P/, a/q.» rs/rn.

e’ Cf/2’

29
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Flow Chart of D3340

1

2

5 Read Nemelist |N1| input

Write Namelist INlI input

4 '

5

6 vis

7 [Convert input to US units)

8 “y

set up log tables of Spalding-Chi (Table 7)

9 _ FoCes FRx_Rx

10 Fch’ FRBReB’ Cf’ TRex

11

e Y2 &
12
13 _
Read x/rn, B/rn, ra/rn, shear
1k from leminar input cards
Find shesar at XMIN-
15 : - compute functions of Bc
set up Table of x/r_ increments for é&dge conditions

16 n — .
17 — o

18 yes
19 g, p from input

du _ ap _ -4»‘!!'

20 dx/rp O’dx/?n ‘e

21 Py = L

22 Is Input from

03 Invi§c1d TgPes? .

2k yes

25 Call CRRD

Call INPN2

NASA-Langley Form 22 (Apr 69)
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¥Numbers in circles
refer to statement numbers



1 Write XCL/rn’ rb/rn, S, P x/rn of body
Write r /r , s of shock
o g’ 'n
A 4
3 at desired x/rn values interpolate for
L g, D, rb/rn, xCL/rn
]
5 y
(call RGAS for p, &, h, T)
6
¥
7 | If x/rn beyond Table
.8 Compute xCL/rn, rb/rn
9 ﬁsing Bc
10 Write x/rn, 5, T, rb/rn, xCL/rn,
Ty, h, u, a, M, p
1l
!
12 Call DIF for derivatives .
with 7 point Lagrangian Formual
13
¥
14 Write x/rn, du/dx/r dp/dx/r dp/dx/r drb]rn/dx/r
n n n n
15
L 4
16 . Fyp = 1.045 (EQ. 36)
7
18
19 Set Inlitiel Counts
. Compute stagnation h, q and print
20
21
20
23
24
25

3l
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Set x/rn = XMTN

h:d

Call EDGE)

(Call AL3CAL )

!Call START for initial G/rn)

Call INT1A for numerical integration
INT1A calls DERSUB for de/rn/dx/-rn (EQ. 3)

»

after each Punge-Kutta step has met the
’ ELEl, ELE2 tests for accuracy
Save in COMMON |BLOCK| for plotting
x, N, R o, C./2, M, &, &%, 8, h/H, R__,
7 wd L olp afq,, r /r. ¥
T* o * o ? t* "s'"'n

and NKWSAV = count of points to be plotted

compute R, = R g x/rn/G/rn

Nst’ e (EQ. 27)
h (EQ. 28}
q {EQ. 29)

B/n s B/Fyp, @/Fyps B/B /P

CF by VAN Driest (Re8) method
Convert output from US to SI units
Write heat transfer, heating rate

CF by VAN Drielst (Rep) method
Write output in US units
heat transfer, heating rate

-

\

32
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. xo = ,825 X2REX
R, = Ree/elrn(x/rn - xo)

2 *cF
> ey
h
yes
>
Call CFA
6
"
7 Compute q/
Prandtl No. from Hansen's Tebles
8 KARMAN Factor
Incompressible heating rate
9 Karman Factor heating rate
Heating rate from Transitiom
10 Heating rate from meximum heating
11
— Yog —e< 158 Flat Plate?
12
Ho
13 , \
1 xCL/rn from table
y
15 L—»f Compute Shear Stress |
= I3 Print Requiredj
17
18
19
20
Convert output from US to SI units
21 Write output for x/rIl station
22
erite output in US units for
23 > ::i:/rn station
ok
¥
25

33
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1 [Reset the Print Coﬁntl

—Yes
5 No
L ¥
Compute difference in
5 veloecity between thisg itermtion
and previous iteration.
6 Save the largest difference
T
8
G
Write largest velocity difference
10 add 1 to iteration count
11
12
13
N - Fo- 8 Largest velocity difference
1 wWithin UERR error criteria’
15 Yes
6 ¥
1 Case is complete ————(:)
17
X
18 From present iteration
19 Save x/rn, U, rs/rn
» Compute and save dUe/dx/rn, dpe/dx/rn
20 at end of transition find
21 NTurb’ CflzTurb
22
23
2k
25

34
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1 Compute and print at end of iteration

o X/rnTurb, NTurb’ NTurb_NTran’

21!)/( / = / ), C /2 H
My g 07 e STurd
( Cflz'Iﬁ.lr’b”ijeTra.n) E tanh ‘bs x/rn ]

Tran
/2

N , C

Tran f

R
3
T?an exTr

&

O [0 S [0 WY | W

10

12
13
1L
15
16
17
18
19

21
22
25
ol
23 35
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PROGRAM D3340(INPUT=1001,0UTPUT=1001+ TAPES=INPUT s TAP E€=UUTPUT »TAPEPRG
110=1001, TAPELS=1001+ TAPEL16=1001.TAPEL7=1001.TAP18=1001TAPEL19=100PRG

21+TAPE20=1001,TAPE21=1001,VAPE22=1001)

MATN PROGRAM FOR VARTIABLE ENTROPYL.REAL GAS,TURBULENT BUUNDARY
LAYEPR

BEADS MAMELTIST TNPUT.LAMINAR INPUT CAROS. AMES TAPES FOR INVISCID

SALUTION
READ TAPES AND SET yUP TABLFS

AT START OF TRANS[TION COMPUTES MOMENTUM THICKNESS FROM SHOCK
RADIUS

CALLS INTIA FOR VARTABLE STEP SIZE FIFTH DROER RJUNGE KUTTA TO
INTEGRATE

VARTABLE ENTROPY MOMENTUM INTEGRAL EQUATION

AFTEP FACH STEP COMPUTES HEATING RATES.SHEAR STRcSS.PRINT TF
NESYREN

IN COMMON/BLOCK/ SAVES OUTPUT TO BE PLOTTED

COMPARES VELOCITIES WITH THOSE FROM PREVIDUS ITekaTION

PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG

SAVES VELOCITY,SHOCK RADITUSDENSITY.N POWER VELUCITY PRUFILE +SKINPRG

FRICTION

VELOCITY DERIVATIVE,DENSITY DERTIVATIVE FOR NeXY ITERATIUN

WHEN VELOCITIES FROM TWO SUCCESSIVE TTERATIONS AGREE wITHIN ERROR
CRITERTA

AND FINAL X/L DN BODY REACHED,CASE IS COMPLETE

£N1 I NPUT {UNIN=1.} LuNIN=2.}

XM N X/RN REGIN TRANSITION

DXLTAB(20F TABLE OF INCREMENTS OF X/RN FOR EOGE CONDITION

XMAXTR{20) TABLE OF X/RN VALUES WHERE INCREMENTS CHANGE
XMAXTR (20} 1S END OF RODY

LT X2REX+,01 FOR PRINY AY END OF TRANSITIUN
XL SH MAXTMUM X/RN ON SHOCK

FROM TAPELS TF RNODY ANGLE.NE.SHOCK ANGLE
XLSH1 MAXTMUM X/RN ON SHOCK

FROM TAPE22 IF 80DY ANGLELNE.SHUCK ANGLE
XLSH=XLSH1 IF BODY=SHOLK

XMHL X/RN AT MAXTMUM HEATI NG

FL AN NOSE RADIUS (M} {INCH)

X2REX X/RN FND TRANSITION,PROFILE PRINY AT X2REX+.u1
RHOUT RHOINFXUINF (KG/MZSEC) (LBM/ FT25EC)
SHEAR I SHEAR=Q INTERPDLATE FROM LAMINAR CARDS

FO : RHOD DENSITY {KG/M3) (LBM/FT3)

PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG

O D = O N e
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RHDY
ut
HY
ST
TT11
DEL

THC
PR
GC

TRANM
CARD

PRINT
AC3D
Fi3)
ALPHE(3])

IMIN

IMAY

AN

CH

DN

KN
FRXT(20)
FCXT(20)
FRYB{20}
FCTRI20Y
TKTAR[3D)Y
PATARL7)
PETAR(210}

NXINT
XINT199)
TWT (99}

RHOINF DENSITY {(KG/M3) {5LUGFFT3)
BINF VELOCITY {(M/SEC) {FT/S5EC)

TOVAL ENTHALPY (M2/S5EC2) {(FT2/5EC2)
TOTAL ENTROPY {(M2/SEC2 DEGK) {FT2/ SECZDEGR)

TOTAL TEMPERATURE {DEGK! (DEGR )

INITIAL DEL/RN BOUNDARY LAYER THICKNESS FRUM LAMINAR
FLAT PLATE INPUT.OMTT If CONE

CONE HALF ANGLE {RAD!,OMIY IF FLATY PLATE (DcG)

PRANDTL NQ.=.72

DIMENS TONAL CONSTANT TO CONVERT FRUM SLUG/FT3 TO
LRM/FTI =32,174

=0 NO TRANSITION

=] TRANSITION

=0 READ [NPUY FRDM AMES TAPES

=] READ NAMELIST N2

PRINY FREQUENCY

AR COEFFICIENTS FOR ENTHALPY EOQ(12) AlLL)=0.,4A(3)=0

B8R COEFFICIENTS FOR ENTHALRPY EQ(12) F{3)=1.

ALPHAR COEFFICIENTS F£OR ENTHALPY EQ[LZ)

ALPHE[1J=ALPHE(2)=1.

=31,623 EQUA),SETS N=2

=6A81.33 EQ(B8}.SETS N=10

=21/3 EOQ(R} RETH*RAN

=1/2 COIRY, (TW/TE h=eCN

=174 FQiA),MEXXDN

=1/3 FO{B), (XVO/THETA}£¥KN

FRXRX FROM SPALDING CHI TABLF 7

FCEF FROM SPALDING CHEI TABLE 7

FRTHRETH FROM SPALOING CHI TABLFE 7

FCCBARF FROM SPALDING CHI TABLE 7

TEMPERATURE FROM HANSEN TABLE 4 (DEGK) LDEGK Y

PRESSURE FRNM HANSEN TABLFE 4 (N/MZ) [ATM}

PRANDTL NO, FROM HANSEN TABLE 4

PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PR
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
-1-3¢3
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG

STARTS WITH SMALL PRESSURE AND INCREASING TEMPERATUREPRG

—==—=i ARGE PRESSURE AND INCREASING TEMPERATURFE
NO. OF VALUES N WALL TEMPERATURF YaBLt
VALUES OF X FOR WALL TEMPERATURE TABLE [#} [ INCHI
VALUES OF WALL VEMPERATURE IDEGK) {DEGR !
=5 NN, OF INTERVALS FOR GAUSSIAN INTEGRAT ION

=4 NO. OF POINTS PER INTERVAL FOR GAUSSIAN INTEGRATION

=1 N0, OF VALUES IN ELY 8BLOCK FOR RUNGE KUTTA
INITIAL INTERVAL OF X/RN FOR RUNGE KUTTA
=0 TO PRINY FVEQY TNYERVAL IN RUNGE KUTTA

37
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CIMAX
FLEL

ELF2

FRR
UERR
CF=RR
xva
PSI
ENT
ALMIN
AL X
FegeT

TP
TS

ENX
RHOT2
PNaT
pT2
PINF
THO
IGAS

ACFT(22%
TREXT{22)
UNTN
UNTID

%

THE LAMTNAR PROGRAM NUTPUTS CARDS WHICH ARE ALSU USED A> TNPUT

MAXTMUM INTERVAL OF X/RN FNOR RUNGE KUTTA
RELATIVE ERRNR IN THETA/RN

IF ERRMR GREATER.RK HALVES COMPUTING INTERVAL
RELATIVE ZERQ IN THETA/RN

WILL NOT APPLY RELATIVF ERROR IF THETA/RN BELOW THIS

RELATIVE ERROR IN T OR H WHEN ITERATING IN RGAS

RELATIVE ERROR IN VELOCETY DN SUCCESSIVE ITERATIONS

RELATIVE ERRODR 1IN SKIN FRICTION. SP E QR SP II1
XVO/RN VIRTUAL ORIGIM FOR EQ(3&), SP I LR SP IIT
FACYDR IN CF/2 E0(25)
N AT BEGIN TRANSITION EQU26)
ALPHA{3) AT AREGIN TRANSITION EQU10}
ALPHA(3) AT END TRANSITION =1. EQ(LOD}
OPTION =1 FLAT PLATE
=0 CDNE
PRESSURE FLAT PLAYE (N/M2)
OMIT TE CONE
ENTROPY FLAT PLATE (M2/SEC2DFGK}
OMIY 1F CONF
M TURBULENT EQ(2561
PEMSITY AT STAGNATION POINT {(KG/M3) {SLUG/FT3)
RN NOSE RADIUS (M5 (FEET )
PRESSURE AT STAGNATION POINY (N/M2) [LBF/FT2)
FREESTRFAM PRESSURE (MN/M2) {LBF/FT2)
WALL TEMPERATURE AT STAGNATION POINT (DEGK?D {(DEGR)
=1 NITROGEN FILE FROM AMES RGAS TAPE
=2 ATR FILE FROM AMES RGAS TAPE
TABLE USED WITH VANDRIEST REX
TABLE USED WITH VANDRIEST REX
=1a INPOT IN ST UNITS
=2« [NPUT IN US CUSTOMARY UNITS
=1, 0UTPUT IN ST UNITS
=2.0UTPUT TN US CUSTOMARY UNITS

{LBF/FT2)

(FT27 SECZNEGR Y}

TO THE TURRULENT PROGRAM
THESE CARDS CONTATIN NO. OF X/RNyX/RN,THETA/RNGRS/RNe AND
DIMENSIONLESS SHEAR IF SHEAR NOT GIVEN TN $ML (LIMIT OF 100 VALUESPRG

0F X/RNG

IF CARD=1 THE NAMEL IST N2 IS READ

34

PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PREG
PRG
pRG
PRG
PRG
PRG
PRG
PRG
PG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG

PRG
PRG
PRG
PRG

109
110
111
i12
113
1i4
115
116
117
118
119
120
121
122
123
124
125
126
127
12%
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AND THE INVISCID FLOW FIELD TAPES AR

E OKITTED PRG

IF CARD=0 THE FLOW FIELD TAPES ARE READ PRG

AND NAMELIST N2 IS OMITTED PRG

PR

N2 INPUT PG
PELTX INCREMENT DF X/RN PRG
Te PRESSURE (N/M2} (LBF/FT2) PRG
TS ENTROPY {M2/SEC2DEGK) (FT2/5cC20EGR) PRG
THSD SHOCK ANGLE (RAD) (DEG) PRG
$ PR
PRG

IF CARD=0O PRG
THE INVISCID FLOW FIFLD AS DETERMINED BY THE LOMAX AND [NOUYE pRG
RLUNT BODY AND METHOD OF CHARACTERISTICS PROGRAMSIREFZT.34) 15 PRG
OUTPUT ON TAPES WHICH ARE USED AS INPUT TO THE LAMINAR AND PRG
TURBULENT BOUNDARY LAYER PRNOGRAMS PRG
THESE TAPES CONTAIN X/RN CENTERLINE,Y/RN,ENTROPY IN FT2/SFEC2NEGR+ PRG
AND PRESSURE IN LRF/FT2 ON BODY AND SHOCK PRG
PRG

TAPES PRG

TAPES INPUT PRG
TAPES auTPUTY ' PRG
TAPELOD AMES RGAS TAPE.FILEZ2=ATR.FILEY=NITRUOGEN PRG
TAPELS INPUT AMES MOC USED FQOR BONY POINTS pes
TAPELS [NPUT AMES ALUNT BODY AND SHOCK POINTS PRG
TAPELT INTERMENTATE STORAGE OF INPUT ADDY AND SHUCK PRG
TAPELS INTERMEDIATE STORAGE OF [INPUT AODY ANU SHOCK PRG
TAPEL19 INTERMEDIATE STORAGE OF INPUT A0DY AND SHOCK PRG
TAPEZ2D INTERMEDTATE STORAGE OF [NPUT 80DY AND 5M0CK PRG
TARPFE21 INTERMEDTATE STORAGE OF INPUT BOOY AND SHOCK PRG
TAPEZ2?2 TNPUT AMES MOC USFD FOR SHOCK POINTS PRG
PRG

OuUTPUT PRG

PRG

80NDY AND SHDCK PFTS5, FROM A M ES T A P E SPRG

X X/RN CEMTERLINF PRG
Y Y/®/N PRG
o STREAM VELOCITY {FT/SEC) PRG
THETA STREAM ANGLE (RAD} PRG
M MACH NUMBER PRG
PRG

S ENTROPY {FT2/SFC2DEGRI)PRG
P PRESSURE (LBF/FT2} PRG

129
130
131
132
133
134
135
1356
137
138
139
140
141
142

143

144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
1560
161
162
163
164
165
166
167
168
169
170
171
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H ENTHAL PY
RHD DENSIYY
eT OMIT

RODY PO I NT
(LI MIT OF
XCL X/RN CENTFRLINE
Y/RN
ENTROPY
PRESSURE
X/RN SURFACE

X Dw=<

SHOCK PO
(LI M1 v 0

¥s SHOCK RANTUS

5 ENTROPY

R

— =

L E
DXLTAB
I 87T
X POTNTY LOCATY
ENTROPY
PRESSURE

BANDY RANIUS

X CENTERLENE
YEMPERATURE
ENTRALPY
VELOCITY

SPEED OF SCQUND
MACH NUMAER
DENSITY

SHOCK RADYUS (CGMIT

-~ F
[on Mo " ;|

N

EpCXT-AXxPDwiK
[ )

F- 0 ]
v T
]

TABLE OF O
(LI m®mIT OF

X X POINY LOCATION
nusnx VELOCITY DERIVATIVE
DRHO /DX DENSTITY DERIVATIVE
DP/DX PRESSURE DERIVATIVE

DRB/DX BODY RADIUS DERIVATY

STAGNATTIO

5 A
45 0

}

IVE

MES T APES
)

N POINT .
HO HEAT TRANSFER AT STAGNATIONIKG/MZSEC)

Lo

(FT2/5EC2)
{SLUG/FT3)

PRG
PRG
PRG
PREG
PRG
PRG
PRG
PRG

{FT2/SEC2DEGRYPRG

ILBF/FT2)

PRG
PRF
PRG
PRG
PRG
PRG

{FT2/SEC2NEGR}IPRAG

PRG
PRG
PRG
PRG
PRG

(FT2/S5EC2DEGRIPRG

ELBF/FT2)

{DEGRY)
{FT2/SEC2)
EFT/SECH
§FT/SEC)H

{LBM/FT3Y

EFT/SECY
{LBM/FTI
(LBF/ETZ)

LLBM/FT2SECY

PRG
PRG

" PRG

PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRO
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG

172
173
174
175
176
117
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
L4
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an HEATING AT STAGNATION {WATT/M2) {(BTU/FT25FEC)  PRG
PRG

PRG

OUTPUT EACH T TERATION PRG

PRG

HEATING RATES EACH METHOD PRG

RAF REYNOLDS ANALOGY FACTOR PRG
CEMT MANGLER TRANSFORMATION FACLTOR PRG
ce2 SKIN $RICTION PRG
ENST STANTON NO, PRG
HBAR LOCAL HEAT TRANSFER COEFF (KG/MZ2SEC) (LaM/FT255C) PRG
0 HEATING RATE (WATT/M2) (BTU/FT2SEC) PRG
HH HBAR/HD LOCAL HEAT/STAGNATION HEAT PRG
XX1 Y/2YANH PS! (EQUATION 25) PRG
HRCF HBAR/CFMT ‘ IKG/M2SEC) [LEBM/FT25EC) PRG
OXCF Q/CFMY (WATT/MZ) (BTU/FT2SEC) PRG
HHCF HH/CFMT PRG
: PRG

EACH X/RM STATTILI ON({MAX OF Lol STATIONS) PRG

X/L DISTANCE/ZNDSE RADIUS PG
X DISTANCE t™) PLAOT 1 1INCH) PRG
THETA/L MOMENTUM THICKNESS/NOSE RADIUS PRG
THETA MOMENTUM THTCKNESS (M) PLOT 8 (INCH) PRG
p PRESSURE IN/M2) {LAF/ET2) PPG
RA BONY RADTUS/NOSE RADIUS PRG
S ENTRNPY {M2/SEC20EGK) (FTZ/SEC2DEGR) PRG
S/ST ENTROPY/TOTAL ENTROPY PLOT 11 PRG
T TEMPERATURE {DEGK) {DEGR ) PRG
# ENTHAL PY IM2/SEC2) {FT2/SEC2)PRG
HAHT ENTHALPY/TOTAL ENTHALPY PLOT 9 Pag
RHO NENSITY ' (KGIM3) {LBM/FT3) PRG
PRG

RHO/RHOT DENSITY/DENSITY FREESTREAM PLOT 13 PRG
U VELOCTITY {M/SEC} {FT/SECY)  PRG
U/SORT2HT VELOCITY/SQRT{2*TOTAL ENTHALPY) PRG
U/ul VELOCITY/VELOCTITY FREESTREAM PLOT 12 PRG
A SPEER DF SOUND {M/SECY {FT/SEC) PRG
# MAEH WUMBER PLOT & paG
MU VISCOSITY I{NSEC/M2) {LBM/ETSEC) PRG
RETH REYNOLDS MO, RASED ON MOMENTUM THICKNESS PLOT 3 PRG
REX REYNOLNS NO., BASED ON DISTANCE PLGT 10 PRG
™ WALL TEWPERATURE {DEGK) IDEGR) PRG
HW WALL ENTHALPY (M2/SEC2) (FT2/SEC2) PRG

b1

215
216
217
218
219
220
221
222
223
224
225
226
227
228
229

230
231
232
233
234
235
236
237
233
239
240
241
2642
243
244
245
246
247
2438
249
250
251
252
253
254
255
255
257
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HW/HT WALL ENTHALPY/TOTAL ENTHALPY PRG 258

PRG 259
RHOW WALL DENSITY (KG/M3) {LBM/FT 3} PRG 260
TW/T WALL TEMPERATURE/TEMPERATURE PRG 261
TAwW ADIABATIC WALL TEMP {DEGK) {DEGRY pPRS 262
FRTH FRTHETA PRG 263
FC FC (EQUATION 22} ‘ PRG 264
CFMT MANGLER TRANSFORMATION FACTOR PRG 265
Lvo DISTANCE VIRTUAL ORIGIN PRG 266
7 7 EQUATTON{B) PRG 267
(o | SKIN FRICTINN IMITTAL PRG 268
CF2 SKIN FRICTION PLGT & PRG 269
HAW ADIABATIC WALL ENTHALPY {M2/SEC2) {FY2/SEC2Y PRG 270
HAW/ HT ADTABATIC WALL ENTHALPY/VOTAL ENTHALPY _ PRG 271

PRG 272
HP ECKERTS REFERENCE ENTHALPY (M2/S5FEC2) {FT2/SEC2Y PRG 273
TR ECKERTS REFERENCE TEMP {DEGK ? I BEGR ) PRG 274
PRP FCKERTS REFERENCE PRANDTL NO. PRG 279
PRW WALL PRANDTL WD, PRG 276
E{Ll}: COEFFIC TENT A1 EQUATIONILQ) PRG 277
Fi2) COEFFICIENT RET EQUATIONILO? PRG 278
ag23 COEFFICIENT ALI EOQUATION(1O) PRG 279
ALPH{ ) COFFFICTENT ALPHATTII EQUATION(10) PRG 280
N EXPONENMT IN VELOCITY PROFILE RELATION PLUT 2 PRG 281
INT1 INTEGRAL {RHOUJRHDUE=RHOUSQ/RHOUESQ) PRi; 282
INT 2 INTEGRAL (RHOU/RMDUEM Y/DFLYI{COSLAM/RD) PRG 2B3
INT3 INTEGRAL {1.=RHOU/RHOUE?} PRG 2894

PRG 285
INT4 INTEGRAL {1.=RHOU/RHOUEN(V/OEL 3(COSLAM/RB ) PRG 286
iINTS INTEGRAL (RHOU/RHOUE-RHOUSO/RHOUESON (Y/DcLI{COSLAM/RAY PRG 287
INT& INTEGRAL (RHOU/RHOUE} PRG 288
INTY IMTEGRAL (RHDUSQ/RHOUESQ) PRG 289
NEL /L BOUNDARY LLAYER THICKNESS/NOSE RANIUS PRG 290
NEL BOUNDARY LAYER THICKNESS (M) PLOT & (INCH) PRG 291
RSL SHAOCK RADIUS/MOSE RADIUS PLOT 15 PRG 292
DELS/L DISPLACEMENT THICKNESS/NOSE RADIUS PRG 293
DELS DESPLACEMENT THICKNESS g My PLOF 7 { INCH} POG 294
X/DELS DISTAMCFE/DISPLACEMENT THICKNESS opPG 295
NSTH DISPLACEMENT THICKNESS/MOMENTUM THICKNESS PRG 296
(a1} DERIVATIVE OF VELOCITY WRT., DISTANCE [MISECY (FY/SEC) PRG 297

PRG 298
DR HO DERIVATIVE OF NENSITY WRT. DISTANCE (KG/M3? (LRM/FT3)PRG 299
pe DERIVATIVE OF PRESSURE WRT.NISTANCE (n/MZ) {LRF/FT21PRG 300

Lo
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nRB DERIVATIVE OF BODY RADIUS WRY. DISTANCE PRG
DYHETA DERIVATIVE OF MOMENTUM THICKNESS WRT. DIST ANCE PRG
NST STANTCON NO. PRG
HBAR LOCAL HEAT TRANSFER COEFFICIENT {KG/M2SEC) (LBM/FT2SECIPRG
Q/ Qo HEATING RATE PLAT 14 PRG
FRE PRANDTL NO. PRG
EKF KARMAN FACTOR PRG
QI HEATING RATE INCOMPRESSIBLE (WATT/M2} {BTU/FT2SECHIPRG
QKF HEATING RATE KARMAN FACTOR [(WATT/MZ) {BTU/FYT2SECYPRG
OXTR HEATENG RATE FROM TRANSIFIONIWATT/MZ) LBTU/FT2SECEPRG
PRG

QXMH HEATING RATE FROM MAX HEATINGIWATT/MZ) {BTU/FT2SECHPRG
xC DISTANCE ON CENTERLINE/NGSE RADIUS PRG
RHOUSO DENSITY®VELOCITY*%2 {N/M2) (LBF/FT2) PRG
TAU SHEAR STRESS (N/M2) {LBF/FT2) PRG
PRG

PRG

YVELDCITY PROFILE AT END OF TRANSITION PRG

Y70 Y/DELTA PRG
U/syr VELOCITY RATIO PRG
H ENTHALPY IM2/5EC2} LFT2/5EC2Y PRG
RHO/RHOE DENSITY RATIQ ORG
RHOU/RHOEYE DENSITYAVELOCITY RATIO PRG
HBAR AR +RR{U/UF I ®*AL PHAR PRG
T TEMPERATURE (DEGK ) {DEGR) PRG
M MACH NUMBER PRG
PRG

ERROR FOR EACH 1T TERATION PRG

TOLL RELATIVE ERROR IN VELOCETY PRG
PRG

END OF I TERATION PRG

REX2 {OMIT) PARG
XZREX X/RN END OF TRANSITION PRG
ENZREX N END DOF TRANSITION PRG
CFM COEFF N EQUATION (ENZREX-ENT) PRG
CER COEFF CF,N EQNS, (2ZPSTH/(X2REX-XMIN) PRG
CF2REX CE/2 END NOF TRANSITION PRG
CEmMP COEEF CF EQUATION (CF2REX=CF2TY PRG
CEBP COEFF CF.N EQNS. (TANH{PSIN} PRG
XMIN X BEGIN TRANSITION PRG
RSISAV {OMIT PRG
ENT N BEGIN VRANSITION PRG
CF21t CF/72 BEGIN TRANSITION PRG

1%

301
302
303

304

305
306
307
308
309
310

31y

312
313

314.
315

ER R
317
3Ls
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
328
339
340
341
342
343
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PRG

REXSAV RFX BEGIN TRANSITION PRG
pPaG

DERUG QUTPUT FROM RGASH IF 5G.GT.1.E6 PRG

SG{1} ENTROPY TRIAL 1 LFTZ/SEC2DEGRYPRG
561 2) ENMTROPY TRYIAL 2 {FT2/SEC2DEGRIPRG
HGI1} ENTHALPY TRIAL 1 (FTZ/7SEC2) PRG
HGI2Y ENTHALPY TRIAL 2 (FT2/75€EC2Y pRG
SGR MEXT ESTIMAYE OF ENTROPY {FTZ/SECZDEGR ) PRG
Hi DESTRED ENTHALPY {ET2/5EC2) PRG
PRG

PRG

COMMON XLSHe XLSHL « THCRy JLIM, KLU IMa TXLCLE4S50 o TYLL49Q) o TSI4AS50) . TR{45PRG
1D« TXLEASD)Y » TYLS1 &S50 ,TS551450) PRG
COMMDON ENXFPOPT ALY RAF s ALMENGCOPT,STHCR yT1 o T2 9 Lo XV 04 PS I PRG
COMMON CMTOPTY PRG

COMMON ALGM AN ANZ (AP 4AVAR AW, AX s CER,CERP ,CEMsCEMP 2CFBMT »CFR2,CFERPAG
1R CFIoCFMT CF2,CF2T+CNeCOEL, COF24+L0E3+CTHOR4DEL+DELAM,DELSsOFERR, ONPRG
2.NPVAR,DRBVAR DRVAR  DSTH DUVAR FyEXZEL yELT 2 ELYUp EMU, EMY AR EMX, EN, EPRG
BNGMoFNI g ERRoFCFCCF4FCOFLG o FCF4FCFPRyFD,FOPR yFRRE«FA TH+ G o GCe G H HPRG
LAWHHAT g HP s HT yHVAR pHW o H2 p TCELL o T 1o N, JJo JULTIM JN KoK Ks KNy LL TM 4yNKW,PRG
ENNe NONX INT. PATHM P IVAR, PRy PRPPRURBYARRETH,RETHy AHU UL ¢ RHOW, R 3, ROPPRG
6+ROVARROWSRRT yRRNyRRTVAR yRR X, RSERR¢RSISAV yRSLVARyRXK » SHEAR, 5Py SVARPRG
TeSHo SXe TAW Sy TEMP o TEMPLOTEMPLL  TEMP L2, TEMP 1 &, TEMP 2, TEMP I TEMP S, TEMPPRG
B5 s TEMPH  TEMP T TEMPR s TEMPO,, TEP , TIVAR ;T TPP ¢y TRAN, TV L1l o T o TX WV AR, XIPRG

Gy XMING XZREX s Zo ZMA X THIN PRG
REAL IN, JN,KN PRG
COMMON F{3D, AI3), ALPHE(3 D, XINTI99} TWT{991,Z2TABLI &), TABINIG) , TABJINPRG

1160 OXLTABL2D) pNELKIZ2IsRSLGI2TALG(2) o ENGL2S,ANZ2I(TD PRG

CAMMON FRXT{ 200+ FRYXLGT{20),FCXT{ 208 4, FCHLGT 200 FRTB{ 20) +FRLGT{20}+PRG
IFCTR{200 hFCLGT{20) o XRH{1001 »FINGT{ 100} RSLWL1I0D o SHEERLLJDI WXL 1601,5PRG
201603,PI{160) XCTU L1600} RACLED) oWl LE0IRRTILGO) XHAKTBEZG ) »DUDXT [ 160 PRG
3) ¢ NRDOXT( 160 DPDXT U160} NDRADXTIL A0} o VAR(2TIDERIZ) (LUVARI2) JWSAVIIGPRG
400 RRTSAVILI60) ¢ XSAVI 1600 s RSLSAVI L 60 . REXSAVILA0D +ENS AVIL1601,CFSAVIPRG
5160V TEKT ABI30I,PRTAB(2100 PATAB]I T} . XKW{ 160D WKW{ 160} +RSLKW{ 1560} PRG

COMMON JGAS PRG
COMMON XX1 PRG
COMMON ACFT{22) ; TREXTI22), ACFLGTI22), TRLGTE22) 4 RKEXCF 4 HO XN ARG
COMMON HBCF, OXCF. HHCF PRG
COMMON /7BLK/ CVL,0V2.0Y3,CV4,CV5,0V6,CVTCVALCYI,CVL0.LVILCVIZ,CVPRG
113,UNIN,UNIO PRG

COMMON /BLOCKY PLTL{160),PLT21160),PLT31160},PLT4(160},PLTS{1601,PPRG
ILT60160) oPLTTLI60)+PLTRILA0! PLTO{1603,PLTIOI1608.PLTLLILE0)PLTLZPRG

P

344
345
346
357
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
169
370
a7l
312
373
374
375
376
317
are
319
380
381
382
383
384
385
386
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2(1601,PLTI3(L601.PLTI4(1601,PLTIS(160) NKWSAV ‘ PRG

QUANTITY TO0O CONVERT FROM US 10 5S¢ MULTIPLY BY PRG

PRG
LENGTH INCH METER 2s54E-2 PRG
VELOCITY FY/SEC M/SEC 3.048E-1 PRG
ENTHALPY FT2/5€C2 M2FSEC2 9.29030 4E-2 PRG
ENTROPY FT27SEC2DEGR M2/ SEC2DEGK 16.722547T2E-2 PRG
HEATTRANSFER LBM/FT2SEC KG/M2SEC 4.88242 I522E0 PRG
DENSTTY LBM/FTS Ki/M3 1.6018463E+1 PRG
NENSITY SLUG/FTS KG/ M3 HYel53T9EFZ PRG
TEMPERATURE DEGR DEGK .2255555560 PRG
ANGLE DEG RADIAN le T45329252€-2 PRG
PRESSURE LRF/FT2 NEWTON/M2 4. 78802 58c+1 PRG
PRESSURE ATM™ NEWTON/M2 1.01325E+5 PRG
HEAT BTU/FT2SEL WATT /M2 Le 13483 31E+4 PRG
VISCOSITY LBM/FTSEC NEWTONSEC /M2 1.488l639E0 PRG

DATA CV1/72.54F=2/,CV2/3.048E-1/,CV3/9.290304E-2/,CVe/16.T2254T2€E-2PRG
L/sCVS/6.88242T522/,CV6/16.018463/,CVT/5.15379E2/,LV8/.5555555556/4PRG
2TV9/1.7453292526=2/,6V1I0/4,TAB02SAE1/,CVI1/1.0L325E5/,LV]12/1.13489PRG

331E4/.CV13/1.48B8B1629/ PRG
EXTEFRNAL DERSUR PRG
EXTERNAL CHECK PRG

NAMEL TST /N1/ XMINDXLTAB , XMAXTR ,ELT, XLSHs XL SHL » XMHL +EL ¢ XZREX +RHOUPRG
1 Te SHEAR ¢ ROeRHOT s U Lo HT s ST TT1 1o DEL THE 9 PR, GCo TRANSCARD+PRINT, A F, ALPRG
2PHE ¢ZTMIN,ZMAX ;AN CN DN KN FRXT ,FCXT yFRTB,FCT 3 TKTAB) PATAB,PRTABSNXPRG
FINT o XINT 3 THT oL o NN NTCToSPECCTMAX,EL EL, ELEZ JERKUERR+CFERR 4 XV, PSPRG
GT 2 ENTSALMIN AL X FPOPT,TP s TS ENNyRHOT2,RNOT PT2, PINFs TWO » IGAS,ACFT 4 PRG

STREXTLUNENLUNTO PRG
PRG

READND NAMELIST /N1/ INPUT PRG
READ {5,.N1) PRG
IF (ENDFILE 5% 2+3 PRG
CaLL EXIT PRG
WRITE {6,N1} . PRG
IF {UNIN=la} 4o, T PRG
CONVERY INPUT FROM ST TD US UNITS _ PRG
EL=FL/CV1 PRG
RHOUT=RHOUL/CVS PRG
RO=RO/CVE PRG
PHNI=RHOE/CVT PRG
UT=ur/Ccve PRG
HT=HT/CV3 PRG
5T=8T7/CV4 PRG

45

187
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
%21
422
423
424
425
426
427
428
429
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THC=THC /CVg
TP=TP/CV1D
TS=TS/CVa
SHOT2=RHOTZ/CVT
RNOT=RNQT/LV2
PT2=PT2/CV10
DEINF=PINF/CVIC
TWO=THO /CVE
TTi1=T¥il/CVvA
N0 5 MN=1,NXINT
XINTINP=XINTIN]}/CVI1
TWT{NI=THWT{NDI /CVE
ng & N=1,.7
PATAR(N}=PATAB{N] /CVI11
CUVARI{21=0
XX1=0

HRLCF=0

QAXCF=0

HHTF=0

RETHM=]

REX=Q

FC=0

CFMT=Q

ELVO=2

1=0

CF1I=0

TMLL=0

REXZ2=0

RSISAV=D
REXSAV(1 }=0
CFEMT=0

CFI=0

FC=0

SET UP LOG OF SPALDING-CHI TABLES

DO 8 N=1,20
FRAILGTINI=ALOGLOIFRXT{NG }
FOXLGTINI=ALOGIOL FCXTIND
FRLGTIN)=ALOGLIOIFRTBI(ND)
FCLGTIND =ALDGL10{FCTRIND
N0 9 N=1,22
ACFLGTIM}=AL OGIO{ ACFTIN)}

L6

PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRE
PRG
PRG
PRG
pRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG

430
431
%32
433
434
435
436
%37
438
439
440
441
442
G432
444
445
446
44T
448
449
450
451
452
453
454
455
456
457
458
%59
460
461
462
463
464
465
466
467
468
469
470
%71
T2
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TRLGTINI=ALNGIO(TREXT (N}

IS FLAY PLATE

IF (FPOPT) 13,10,13

READ X/LoTH/L,RS/L FR&H LAMINAR INPUT CARDS

READ 15,65) LLIM

READ (S.66) (XW{LL),LL=1,LLIM)

READ 15,66) (FINSG(LL)yLL=1,LLIM)

REAN (S.661 [RSLWILLI,LL=1,L0TM)

IF {SHEAR) l2,11.12

READ {5,66) (SHEER{LLY},LL=1,LLI™}

CALL DISCOT {XMIN. XMIN,XWe SHEER, SHEER 401 L+LL iMs 0. SHE ARD

COMPUTE FUNCTIONS DF THC

THOR=YHC /57.29578
STHCR=SIN{THCR}
CTHCR=CO ST THCRY
TTHCR=STHCR/CTHCR
T1=THCR-1.570796
T2=1.-5THCR

WRETE NAMELIST INPUT

CONTINUE
WRITE (64671

15 FLAY PLATE
IF (FPOPT) 1441514
S+F FROM INPUT TS5 AND TP,DU/DX=DRHO/DX=0.MTFE=z],

SVAR=TS{ 1}
PIVAR=TR {1}
S{1i=5VAR
PI{11=PIVAR

NKW=2

AKH (2 i=XMIN
DUDXTIL Y =DUDXTE 2} =0

W7

PRG
PRG
oRG
PR G
PeG
PRG
PRG
PRG
PRG
PRG
PRG
pre
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
pRG
PRG
PRG
PRG
PRG

473
474
475
476
4717
478
479
480
481
432
4873
494
485
486
487
489
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
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sl el NaleNel

19
20

21

DRDXT{1)=DROXT(2}=0
XKW(2)=XMAXTR(20)
CFRMT=1,

GO 1D 26

IS INPUT FROM AMES BLUNY BCODY AND MOC YAPES
IF {CARD} 17:16.17
CALt CRRO

CALL CRRD
GO D 18

CALL INPHNZ2
CALL [INPNZ
WRITE TABLES X/LCL.RR/L,S,PeX/L DN BODY,RS/L.5 UN SHOCK

WRITE (6,711

WRITE (6730 (CTXLCLUMN o TYLO UL TS{SY,TPO ST TXLEJ) b waxldLIMY
WRITE {6,721}

WRITE (6,743 {{TYLSIKE+TSSIKI)K=1 KL M)

AT DESIRED X/L STATIONS INTERPOLATE IN TABLES FUR Se PeRB/LoX7LCL
CALL RGAS TO FIND RHO,A,H,T

FIND UM

IF X/L REYOND TABLE VALUE USE FINAL S.,P,FIND X/LCLRB/L

4=1

X{2)=xMINn

HWRITE (6,75}

IF IX{Ji-THLO LYY 21,21,20

S(JI=TST JLEM?

PI{JI=TP{JLIM}

XCOI={XEJD4+T L DHCTHCR T2
REBIJ)=CTHCR &¢I XCT J 1= T2 44T THCP

GO TQ 27

CALL DISCOT (MUJb o XUy TXL, TS, TS 0L HLIM0,5140)
CALL DISCOT (XUI) o XL I oTHLoTPo TP Ol JLIM QP14
CALL DISCOT (LUt o X{ID o TUXL o TYLyTYL 0114 JLEM,0,RBEJD)
CALL DISCOT IXA3VoXUDeTXL s THLCL o TXLCL »OL Lo JLIMe Qe XC LD}

48

PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
ORG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
pog
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
ORG
PRG
oRG
PRG
PRG
PRG
PRG

5La
517
5i8
519
520
521
522
523
924
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
563
Sh4
555
546
547
548
549
550
551
552
553
554
555
556
557
558



22

aBaNel

23

MO

e BnEe OO

GX=1.4

CALL RGAS (PTUJI+RXAX yHX s TX,SIIYsRRX s GXy=1,5+1GAS)
WIJISSORT{Z.*IHT=-HX )}

RRTY(JI=R¥*32.174

EMX=W{J}/AX

WRITE TABLES X/L:SsPsRB/LX/LCLeToHUpApMRHD

WRITE (6,70 X(J) S0 ,PLIIN4RBIIISXCTIN yTXHK Wl J)s AX e EMX,RRT L)

IF (X{JV~XMAXTR{201)) 23424,24%

CALL DISCOT (X{J) o X(J} ) XMAXTR,OXLTAB,DXLTAB,QGLL+20,0,0XL 1}

J=4+)

XCJy=X{ J=1i+DXL
GO 10 19

JiL M=)

WRITE (6.69)

WRITE X/L,DU/DX,DPHOSOX,DP/DX,DRB/DX USING 3 PIINT SLOPE SUBR DIF

on 25 J=143JILIM

XKW J)=Xx1{ 0}

PUDXTLIY=DIF1 Jy 34 JILIMXy¥)

DROXTY (I} =DIF{Jde3s JILIMe X RRT}
DPOXTIJI=DIF{ J o3, JILIM,X,P1)
DREBDXT(JI=DIF (I3, JILTMX,RB)

WRITE 16,701 X{JI,0UDXTI ) ,DRDXT (1) ,0PDXT(J),DRBOXTL J)

MTF=1.045 EQLl36)
CFAMT=1.045
SEY INITIAL COUNTS AND X/L:zXMIN

NKW=JJLTH

CEBP=TANHIPSI )

CNY=Q

TCELL=0

PATH=PT2%,4725E~3

CALL DISCOT (TK,PATM,TKTAB,PRTAB,PATABOLL1,213,7.PRT Wi}
AHOW=RHOTZ2=TT11/TH0
FMUW=T.310615E-TESORT{TWOI/(1.420t.6/THO}
EMUT2=7.310615E-T*SORT(TTLL1) /11, ¢201.6/TF1L)

Lo

PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
pan
pRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
pRG
PRG
PRG
PRG
PRG
PRG
PRG
PR%
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG

559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
£01



27

28
29

[ EnKe] OO

[aNe N

OO

DUEDH=SORT( 2. x{PT2=PINF}/RHOT2)/RNOT
CALL RGAST ({PT2,RX+AX.,HWO,TWO,5{1}.ERR,IGAS}

PRG
PRG

HO=. TOB%XS0RT{32,.1 T4 1 *PRTWO*%{= 6 } RIRHOWSEMUW b %%, 1 % [R HOT 2*EMUT 2 %% _PRG

14%DUEDXER,5
QO=HO*{HT-HHWO! /2. 5036E4
TF [UNIO=1l.) 27,27.28
NAT=HORCLYS
088=Q0=CV12

WRITE (&6.60) 087,088
GO 71 29

WRITE (6.60) HO,QOD
FOLL=Q

I1=0

SP=4,.AF4

SW=4,8E4

EK= .4

E=12,

PRCT=0D

€0=C1

NKWSAV=0

VAR{1i=XMIN

CUVARILY =XMIN

CALL EDGF

Catv €DGE

CALL AL3CAL

CAatL ALACTAL

CALL START 70 GET INITIAL FH/L
CALL START

VAR (21=CUVAR(2}

WRITF {64631

WRITE (6,610

WRITE (6,629

WRITEF (64639
WRITE 16,68}

CALL INTLA VARTABLE STEP SIZE RUNGE KUTTA
INTLA CALLS DERSUB TO GEYT OTH/DX EQ(3)

50

PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PR
PRG
pasG
PRG
PRG
PR
PRG
PRG
PR
PRG
PRG
PRG
PogG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PREG
PRG
PRG
PRG
PRG
PR
PRG
PRG
PRG

602
603
604
605
606
607
608
409
610
611
612
613
6l4
615
6lé
617
618
619
620
621
622
623
624
625
&26
527
628
629
530
631
632
633
634
635
636
637
638
632
640
641
642
643
644



C PRG 645
30 CALL INT1A ([1+14NToCO+SPEC,CIMAX, [ERR,VARCUVARDER sELEL+ELEZ,ELTPRG 646

1+ERRVALyDERSUR,CHECK,01} PRG 64T

IF (TERR-1) 31,32,31 ‘ PRG 648

31 CALY EXIT PRG 649
C PRG 650,
C AFTER EACH RK STEP HAS MET THE ELEL,ELE2 TESTS FUR ACCURACY PRG 651
c IN COMMON/BLOCK/ SAVE FOR PLOTTING PRG 652
C XoNsRETH,CE/2 4 M, DEL +DELST » THETA, H/HT yREX, S/5ToU/UT 2R HU/KHOL»Q4RS/LPRG 653
C AND NKWSAV=CDUNT OF POINTS T RE PLOTTED PRG 654
c PRG 655
32 MKW SAVSNKWSAVE] PRG 656
PLTLINKWSAY)=VAR{ 1} ®EL PR 65T
PLTIINKWSAVI=RETH PRG 658

PLTS (NKWSAVI=EMVAR PRG 659
PLTO(NKWSAV] =DEL®EL PRG 660
PLTT7T{NKWSAVI=DELS*EL PRG 661
PLTAINKWSAV) =VAR] Z)*EL PRG 662

PLTO INKWSAV ) =HVAR/HT PRG 663

C PAG 664
C REYNOLDS NO«STANTON ND(EQ2T),HEAT TRANSFER COEFFIEQZB) PR3 6465
C PRG 666
REX=RETHRVAR(1}/VARL2) PRG 667
PLTL1{NKWSAV)=5VAR/ST PRG 668

PLT1Z (NKWSAV)=WVAR/UL PRG 6569
PLT13{NKNSAV)=ROVAR/RHOL PRG 6T0O
ENST=CF2%RAF PRG 671
HRAR=ENS T#WVARXRRTVAR PRG &T2

c PRG 673
C HEATING RATE(EQ29),PRANDTL NO.FROM HANSENS TABLE»KAIMAN FACTOR PRG ATH
C PRG 675
O=HBAR* { HAW~HW}/ 2 .5036E4 PRG 676

HH=HE 4R / HO PRG 677

WRITE {6,631} PRG 678

1F {CFMT} 33,34,33 PRG 6T9

33 HBCF=HBAR/CFMT . PRG 680
QXCF=R/CFMY PRG 681

HHC FoHH/ CFMT PRG 682

34 IF (UNIOD-1.) 35,35,36 PRG 48B3
3% 081=HBAR *CVS PAG 684
08 2=02CV12 PRG 685
0B5=HBCFHLYS PRG 686

086=0QXCFECY12 PRG 687

Al



36

ag
39

OO

a R Nw]

40

41

WRITE (6700 RAFsCFMT.CF2ENST,081,082+HHsXX1,08520860HHCF
60 10 37

WRITE {6,700 RAF,CFMToCF2,ENSTHBARGQ s HHe XX1 o HBCF o UK CF 2 HHCF
X0= . B25%X2REX

REXCF=(RETH/VAR{2 ) b *{VAR {1 1-X0}

IF {ABS(REXCFi~.1F-4) 39,38,38

CALL CFA

0=0/00

WRITE (6463}

PLT14INKHSAV) =0

WSAVINKWSAV]=HVAR

RATSAVINKWSAV) =RRTVAR

XSAVINKWSAV)=VAR(1}

RSLSAVINKWSAV3=PLT15(NKWSAV) =R SL VAR

REXSAVINKWSAVY =PLT10INKHSAV] aREX
FNSAVINKWSAV)=PLT 2 (NKWSAV) =EN

CFSAV(NKWSAVI=PLT4 {NKWSAYV)=CF2

TK=T[VAR /1.8

CALL DISCOT {TK,PATM,TKTAB PRTAB,PATAB,OLLs210:7PRED
EKF=1,/112¢5.%SQRT(CFIIe(PRE=L.—ALDGI{5.%PRE2L, }/6.0 0}

INCOMPRESSIBLE Q.KARMAN FACTCR O

QIN={WVAR®RRTVARFCF2=(HAW~HW 1)/ 2.503654
OKF=EXE=DIMN

VARD=VAR{LbI/DELS

PN3I=WVAR/SORTI(2,%HT

PNT=HAX/HT

PMA=HW/HT

FREX=FRTYH/FC

TRAMSITION HEATING

RAXTR=REX#{} . —XMIN/VAR(L}

IF (RXTR-1000,% 40.%1.+41

OXTR=1,

GQ TO 42

FRRX=ALNGLO(FRX*RXTRY ~

CALL DISCOT (FRRXFRRXyFRXLGT,FCXLGT,FCXLGT01Ls20+0.FCCALG)
FLOX=10,o%FCCXLG

CFP2=CFMTHFCCRA{2,.%FCH

ENSTP=CFP2%RAF

HRARP=ENSTPHEHVARSRRTVAR

52

PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
pRG
PRG
PRG
PRG
PRE
PRG
PRG
PRG
PEG
pRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
prG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG

688
689
690
691
692
693
694
695
696
&97
698
699
700
7ol
702
703
704
705
706
i07
708
709
710
Tl
T12
713
Tia
TLS
716
TLY
TLE
719
720
721
722
723
124
725
726
127
128
129
730



48

49

OXTR=HAARP*{ HAW=-HW } /2,503 6E4
MAXTMUM HEATING

PAMH=REXE{1,=XMHL/VARLL))
IF (RXMH-1000.) 43,4%,4%
OXMH= 1,

GO TO 45
FRRM=ALOGLO(FRX%RXMH)

CALL DISCOT {FRRM,FRRM FRXLGT,FCXLGT,FCXLGT,011+204+0,,FLCMLG]

FCOM=10.**FCCMLG
CFPPZ=CFMTHFCCM/ L 2.%F()
ENSTPP=CFPP2%RAF
HBARPP=ENSTPPX*WVAR*RRTVAR
OXMH=HBARPP®{HAW-HW}/2.5036FE4
IF (FPOPTY 4T 24547

CALL DISCOT (VAR{L1)eVAR(LD X oXCoXCrOllyJILIMeOsXLVARD

SHEAR STRESS EO(30}

RHOUSO=ROVAR®WVAR XWVAR
TAU=CF2*RHOUSO

WRITE OUTPUT

PRCT=PRCT+]

IF {PRINT=PRCT)Y 48,48,52
IF {UNIO=1.} 49,+49:50
CONVERT OUTPUT FROM US TO ST UNITS
02=PLTL INKWSAVERCYL
D4=PLTAINKWSAVI%C V]
05=PIVAR*CY10
O07=SVAR*CV4

N9=TIVAR¥(VE
010=HVAR®CV3
012=RRTVAR*CVS

014 =WVARECY2

D1 T=AVAR®CY2
019=EMUI=CV13

N22=TwWCV8

023=HWxCV3

025=RHOW=CV6

N27=TAW*CVS

55

PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRI
PRG
PRG
PRG
PRG
PRG
PR
PRG
PRG

T31
732
7332
Tis
735
736
737

738

739
T40
T41
T42
T43
T44%
T45
T46
T4l
148
749
150
751%
752
753
754
755
156
757
758
759
760
761
762
763
T64
765
766
T67
768
769
T70
TT1
T2
113



2% [ad

AWOOOOW OGO

W

035=HAR®CV3 PRG
N37=HPAC V3 PRG
A38=TPPECVE PRG
N54=PLTHEINKWSAV)EC V] PRG
05T=PLTT{NKHSAVIRCY] PRG
060=NUVARSCY?2 PRG
N61=DRVAR*CV6 PRG
N&2=NPVAR®CV10 PRG
D66=HBAR%CYS PRG
DTO=0IN®*CVY12 PREG
NT1=0KF&ECVLI2 ARG
O72=0XTR2CVL2 PRG
07T3=0XMH*CY12 PRG
075 =RHOUSO®CYL0 PRG
Nre=TaU=CV10 PRG

WRITE {6,701 VAR 13,02 VAR{2)4N&,05,RBVAR ., DT PLTLLENKWSAV),09,010,PRG
EPLTOINKWSAVI D12, PLTI3(NKWSAV) o014 PN3PLTL12 (NKwSAV) s ULT+ PLTS {NKHWSPRG
ZAVY o019« PLT3{NKKSAV) yPLTIOINKWSAY) ;022,023 +PN8+025:COEL« 02T FRTHFPRG
AC o CFMTELVO o7 +CFT cPLTLINKWSAVY I 035 PNT V03T e03B.PRP+PRWpF(LEF (2)4APRG
42V ALPHE(I) o PLTZ2 INKHSAY ) ¢ AN2sDEL ¢ 054 PLTISINRwSAV)» DELS4D5T, VARD,PRG
SDSTH.D60,061 062 NRBVARDERT 21 yENST 066, PLTIS{NRASAY ) +PRELFKF 070, PRG
6071.,072.073,%XCVAR,OTS,076 pRG

GO TO 51 PRG

WRITE (6,70) VAR{ 1) PLTLINKWSAVE VARIZI+PLTRB{NKWSAY) sPIVARLRBYAR,SPRG
IVAR +PLT11INKHSAY) s TIVARHVAR pPLTO INKWSAV I s RRTIVAR, PLT LI INKWSAV § , WYAPRG
ZRePNAPLTIZ(NKESAY I s AVAR s PLTYSINKWSAV) s EMULPLTIINKWSAVIPLTIOINKHSAPRG
AYY s THoHW s PNByRHOW ,COFL +TAW FRTH s FCLCFMT ELVO o 2o CF L +PLTHINKWSAV Y, HAPRG
G PNT HP , TPP PRPPRUWFELI oFI 2V 4 AT2)ALPHE( 3) W PLTI2INK®NSAY ] s AN2 o DEL, PRG
SPLTGINKHSAVE s PLTTISTNKWSAY ) osDELS, PLTT{NKWSAY ) o VARD D5 THy DUVAR, DRVARPRG

6o DPVAR, DRBYARGDER (27 s ENST HBAR (PLTLG{NKHSAVY o PRE 2 cKF «DIN¢QKF 2 OXTR, PRG
TOXMH, XC VAR, RHOUS O, T AU PRG
PRCT=0 PRG
PRG

{S FIRST ITERATION PRG
PRG

IF {TCFLLD 53.54,53 PRG
PRG

COMPUTE DIFFEREMCE IN VELOCITY PRG
SAVE LARGEST DIFFERENCE TN VELOCTTY PRG
PRG

CALL DISCOT (VARCLIoVARILD o XKW JWKHoWKHoOL Lo NKiy Uy wOL D} PRG
DFF=ARS{ { HOLD~WVAR ) /WOLD) PRG

TNLL=AMAXL{DFF,TOLL) PRG

=l

T4
15
76
777
778
179
780
781
782
783
784
785
186
787
788
789
790
191
792
793
794
195
796
797
798
199
800
801
802
803
804
805
806
807
808
809
810
8kl
812
813
Bl4
815
816
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ONo

[aXe Ny

IS END OF BODY

1F {VAR{1)=XMAXTBI(20)) 30,55,55
CONTINUE :
WRITE {6,641 TOLL

ADD TO ITERATION COUNT
CNT=CNT#1

IS FOURTH ITERATION COMPLETE

IF (CNT=4) 58456,56

[S LARGEST VELOCITY DIFFERENCE WETHIN ERROR CRITERIA
IF (TOLL-UERR}) 57.58,58

CASE 1S COMPLETE

CONTINUE
GO 70 1

FROM PRESENT !TER&TIdN SAVE X/LyUsRS/L,0U/DXDRHO/0X

N0 59 NK=1,NKWSAV

WK INKI=WSAVI MK}

XKWINKI=XSAVINKY

QSLKWI(NKI=RSLSAVINKI

DUDXTINK I=DIF (NK, 3, NKNSAV, ASAV,WSAV])
DROXTINKY=DIF(NK,3 ,NKWSAV 4 XSAV,RRTSAV)
NKW=MKWS AY

FIND AT &ND OF TRANSITION N{TURB} AND CF/2(TURB}

CALL DISCOT {XZREX,X2REX: XKWsFNSAVENSAV, 111 4NKWe GeENZREX])
CALL NISCOT (X2REX,H2REK p XKW ;CFSAVCFSAV 111 yNKW, QsCFEREX)

FIND TRANSITION REGION COEFF FOR CF/2 AND N (EQ25,260

CEM=EN2REX~-ENT
CERA=[PST¢PSTI/IXNZREX-XMINY

55

PRG
oRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
pRG
PRG
PRG
pRG
PRG
PoG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRE
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG
PRG

817
818
819
520
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
B840
841
Ba2
843
844
845
846
847
848
849
850
851"
BS52
853
854
855
856
857
858
a59
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62

63
64
65
66
67

68

69
TO
71

CEMP=CF2REX=CF2Z! PRG

WRITE (&.76) : PRG

WRITE (6,700 REXZ2 o X2REX,EN2REX,CEMyCEB)CF2REX CEMP oL EBP » XMIN, RSISAPRG

IV ENTLF2I,REXSAVILY eaG
’ PRG

START NEXT ITERATION PRG

. PRG

ICELL=2 PRG

G 70 29 PP

PRG

PRG

PRG

FORMAT (1M FHMO=  Fll43+s4H Q0=,FLlLlo3} PRG

FORMAT [21H SKIMN FREICTION THEORY./24H {1) VAN DRIEST REVTHETA,/54HPRG

1 (2F VAN DRIEST eEX OMIT IN TRANS REGION,/S4H (3) SPRG
2PALDING CHI REX DMET [N YRANS REGIOn,/54H {4} ECKERYS PRG
3REF ENTHALPY RFEX OMIT TN TRANS REGIOMs /54H {5} ECKERTS REF ENTPRG

SHALPY REXMIN DMIT IN TRANS REGION.,/21H [6) ECKEMRTS RETHETA,/37H PRG
S5{7) SPALDING CHY 1t RETHETA [IDEAL FC,/37H (8} SPALOING CHI [T RETHPRG

6FTA REAL FCI PRG
FORMAY (1H o TXe3HRAF s TXe &HCFMY 3 TX o AHCF 24 BX o GHENST s TX + @HHBAR : TX, 1MOPRG
LolOX e 2HHHs X p IHUN)Y o BX 4 4HHBLF s TX o #HOXCF o TX s 4HHHCF o TX D PRG
FORMAT (IH ) oRG
FORMAY [1H SHTOLL =,EL1.3} PRG
FORMAT {157 : PRG
FNRMAY (S5EL5. A PFRG
FORMAT (1H 146Me IHA o 15X LHY 150 1HQ o LI X S5HTHETA:15XsLHM, L5H BODY#SHPRG
IOCK PTS/AISUe IHS oIS olHP o 15K JHH 13K 3HRHG 12X oH  PT b PRG

FARMBY {iH TXo3HX/L: 10X IHX s &Xp THTHETA/L 2 6X 9 SHTHETA: 10Xy 1HP,9X; 2HRPRG
LR 1IOX e LHS o TR poHS /ST L0 s IHT, A0Xs I HH TR o4 HH/HT , 8% o 3HRHO/ 3 X5 RHRHO/RHPRG
20T 10X I HU o 2K FHU /SORTZHT o T o &HU /UL o 10X iHA S 10X LHM: 9X 3 2HMU, TX o ¢HR PRG
BETH B o 3HREX s X9 ZHTHW N ZHHR s 6 X ¢ SHHR/HT/ TX s GHRHOW ¢ TH coHTHW/T . B X, IRTPRG
GAR o THoAHFRTH Ko ZHFC s T 4HCFMT  BX, 3HLVYO . 10K, AHZ o BL 3HCF I yAXy3HCF 24 PRG
58X 3HHAW oS X ) 6HRAW/HTION o 2HHP s 3 Xy ZHT P 8X, AHPRP :BX s 3HP R o TX+ 4HF (1L, TPRG
HXHHF{2 1o THo GHAT 2 o & X e THALPH{ 3D y LOX s LHM o T oG HINTL s TX o &HINT 2, TX, 44T PRG
TNT3 /TR e e HINT G g THo 4 HINT ¢ TH y4HINTE s T o 4HINT T 6Xo SHUEL /L « BX 3HDEL , 8XPRG
Be AHRSL o S Ko BHDELS/ L o TX e 4HDELS o SXo BHX /DELS e I X o &GHOSTHe I X3 2HDUZ TX s &HDR PRG
GHOy 9N 2HDP BNy IHNRB SN, OGHDTHET A 8X o AHNST s TX 3 &HHABAR o L JX » 1HD » 8X y IHPRPRG
SE o BY s IHEUF o BX o BHQ TN o B, IHOKF p TXp SHOX TR/ TX ¢ AHOXMH e 9 X0 ZHXC 05X « SHRHOUPRG

$5Q0.BXoIHTAUYD PRG
FORMAT {1H 9K IHX 3%, SHOUZDX ;5% THDRHO/DX,, SX . SHDP /DX +SX 6HDRR/ZDX DY PRG
FORMAT {12E11.3) PRG
FORMAT (IH OXo3HXCL o 14K IHYs 15X 1HS 15X 1HP, 15X, LHX} PRG

56

860
861
A62
863
864
865
966
867
868
869
370
871
872
8713
AT4
875
878
877
878
879
880
881
882
883
884
885
886
887
888
989
890
391
892
393
894
895
826
B9Y
398
839
F00
201
902



12

14
75

76

FORMAT (1H 6X,2HYS,15X+1HS) PRG
FORMAT (5E16.8) PRG
FORMAT (2E16.8) PRG
FORMAT (1M 5X.1HXs 10Xe 1HS+ 10X s 1HP s 9Ny ZHRB y IX 3 2HXC » 10 Ko LHT 4 10X s L HHy PRG
110X LHU . 10X LHA 10X ¢ LHM, FX ;3 HRHO 4 AX ¢ 2HRS ) PRG

FORMAT {1H 6X&HREX2,6Xs SHA2RENe 5X ¢ 6HEN2REX ¢ BX 9 3HCEM 48X » 3HLER,5X 46 PRG
LHCF2REX s TXv&HCEMP o TX s AHCEBP; TX o 6HXMIN; 5Xo 6HRSISAY o BX s IHENT » TX o 4HCFPRG

2201/75%6HREXSAY) PRG
END PRG
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903
904
905
906
9307
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91t-



1 AL3CAL.- Subroutine AL3CAL computes coefficients aIII’ BII’ AII for use in

2 the calculation cof dénsity profiles.

AL3CAL

¥

b
L
>
6 Computes o
1
8

11 (EQ. 16)

o varies linearly between the transitional and turbulent values
III
Computes Byys Ay (EQ. 17}

v
9 RETURN

10
1
12
13
1k
15
16
17
18
19
20
21
22
23
2l

25
58
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DA O0

—_ OO Y

SUYBROUTTNE AL3CAL ALC

ALC
COMPUTE ALPHA{3} EXPNONENT [IN DUTER BOUNDARY LAYER REGION ALC
FOR USE IN STATIC ENTHAL?Y MODDIFIED CPOCCT EXPRAESSIUN aLcC
ALPHA[3I=ALMIN AT STARY OF TRANSITION ALC
ALPHA13 )= LINEAR VARTATION TN TRANSITION ZEGION ALC
ALPHA (R ) =ALX AT END OF TRANSITION ALC

ALC
COMMON XUSHeXLSHY s THCR ¢ JLTMy KLEM, TXLCLIA450) TYLI430) +TS5(450) , TP (45ALC
108, THL{450), TYLS51450),T550450) ALC
COMMON ENXFPOPT ALXsRAF L ALMINGCOPT,STHCR 4T oT24L XVD.PSI aLcC
COMMON CMTOPT ALC

COMMON ALGN, ANy ANZ o AP AVAR s AW, AX ¢ CEB,CERP 4 CEM,CEMP,CFBMT ,(FB2,CFERALC
IR CFT L CFMT CF2,CF2 [ yCNyCOEL,COE2 yCOEY,CTHCR, Dbk s DELAM,DELSDERR, DNALC
2+DPVARy DRAVAR ¢ DRV AR o OSTHy DUVAR 4 E 4 EK s FLoELT+ELYUs EMUs EMVAR EMX4ENGEALC
INGNSENL yFRRyFCsFCCF ,FCCFLG,FCF FLFPRyFDFDPR4FRREr FRATHo GeGL s GXpHeHALL
GAW, HHAT g HP o HT s HV AR o HiWg H2 TCELL y I T o INg JJe JILT Mo JNo R oK Ko KNoLLIM,NKW, ALC
SHNe NOSNXINT,PATM ,PTIVAR PR +PRP PR W, RBVAR yRET, RETHs RHUUIL, RHOW,, RO, ROPALC
6+ ROVAR, ROW, RRT4RRN,RRTVYAR RRXyRSERRMRSISAV,RSLYAR«RX 4 SHEAR 4 SP4SVARALC
TeSH oSN TAWTEMP s TEMPLO,TEMPLL, TEMPLZ ,TEMP 14, TEMP L, TEMP 3, TEMP 4, TEMP ALC
B TEMPH s TEMP T TEMP B TEMPG , TEP TI VAR, TKyTPP TRAN, TTLL » T TX s WVAR, XTALL

Ny XMENy XZREX 2o ZMAX ZMIN ALC
REAL IN+ INJKN ALC
COMMON F(33,A03) JALPHELI ) XINT(99),TWT(99),ZTABL(G6),TABIN{G}, TAB INALC

L1661 .DXLTARIZ20) 4DELK{2Y,RSLGE 2)4ALGI2)+FNG{2Y4ANZ(T) ALC

COMMON FRXTI20)FRXLGT(201,FCXT(23),FCXLGT(20).FATBI 200 +FRLGT(20),ALC
LFCTR(20) +FCLGTI20) o XW{ 100D o5 INSI 100 JRSLWILOQ# «SHEER (LOU Y X{160),5ALC
201601,PI{160) +XCOL60F,RBIISDOTWEL60) RATI160),XMAXTBI20) +DUNXTLIL0ALC
31+ DRDXTL 160, 0POXT{160).DRBDXT{1601,VAR(2) +DERIZI«CUVARIZ) 4WSAVILEALL
40V BRTSAVILE0) ¢ XSAV{L60)RSLSAVI LGOI JREXSAVIL6UN +ENSAV(160),CFSAVEALL
5160) ., TKYABL30) ,PRTABIZ1I0),PATABI 7)) y XKWIL1602 s wKaAl L60) +RKSLKW{160) ALC

COMMON /BLOCK/ PLTL1{1601,PLT2{ 601 +PLT3(160).PLT4{i60)+PLTS50160),PALC
ILT6! 160 «PLTTIL600,PLTRBIL60) ,PLTO(1600,PLTI0(1000+PLTLLI160),PLT1I2ALC

2{16014PLTI3(160).PLTI411601,PLTLIS{160)NKWSAY ALC
IF {CUVARTLI=XMINT 2.41,2 ALC

aLc

K/LUTRAND o X/LITURRBY »ALPHATIT ITRAN]  ALPHATTI(TURE) ALC

Al=0sALPHAT=1,ALPHATI=1.,,A80[=0,BI1I=1., ARE InNPUT ac

RT FROM SUBROUTINE EDGE aLC

ALC

ALPHE[3) =ALMIN ALC

GO 10 5 ALC
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WO oM

A O O A M

IF (CUVAR{LI-X2REX) 343,4

ALPHATIT LINEAR BETWEEN TRANSITION AND TURBUENT (EQL 6}

ALPHEI3I={(CUVARTII-XMIND) /[X2REX~XMIND | ALX~ALMINI+ ALMIN

GO TQ 5
ALPHE (3} =aLX

BIT (£O17%
ATT

TEP=F(3)* 1 2kAL PHE{ 3}
FI2)=(TFEP-F{10%,01)/9.F~2
Ad2i=TEP—1%F{ 2}

RETURN

END

A0

ALC
ALC
ALC
ALC
ALC
ALC
ALC
ALC
ALC
aLC
ALC
ALC
aLC
ALC
ALC
ALC

43
44
45
46
47

49
50

52
53

55
56
57
58



1 CFA.- Subroutine CFA computes skin friction coefficient by seven methods--

2

w oo - o & WA

10

12
13
1L
15
16
17
18
19

21
22
23
24

25

VanDriest (Rex)’ Spalding-Chi I (Rex}, Eckert's reference enthalpy

(R ), Eckert's reference enthalpy (R }, Eckert's reference enthalpy
ex Xy
(Ree), Spalding-Chi I (Ree),Spaldlng-Ch:L II (Ree}.

Yes

l

( Call CMT
Call RFCAL

61

NASA-Langley Form 22 (Apr 69)



o x» v\ F W

10

12 ;
Cf/2 by Van Driest (Rex)

13

r
1k !Call WRTS

15 ¥

& Call VGAUSS (FOFZ)

1 Call CMT1
: Call RFCAL1

17 _

18 8

19

21
22
23
24
25
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= WA

o e 3 oW

10

12
13
14
15
16
17
18
19
20
21
22
23
ok
25

cf/2 by sPalding-Ch; (Rex), Ideal Gas ¥,

i
(o wemd)

Call CMT
Call RFCALl

Cf/2 by Eckert's reference enthalpy (Rex)

Y

( Call WRTS

Call CMT
Call RFCALL
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o @ = [, AN | EAN

10

12

13
1h

5

16

17
18

19

21
22
23
2L
as

Cf/2 by Eckert's reference enthalpy (R )

SXMIN

Call CMT
Cell RFCALL

X

Cf/2 by Eckert's reference enthalpy (Ree)

|

&k

NASA-Langley Form 22 (Apr 69)




3
L
2 (ca11 wrrs)
6
7 Call CMT1
8 Call RFCALL
Cal VGAUSS (FOFZ)
g
A
10 C_/2 by Spalding-Chi I (R .), Ideal gas F
£ eb c
11
12 (ca11 wrrs
i3
Y
14 Call CMT1
Call RFCAL1
15 Call VGAUSS (FOFZA)
16 !
17
18 ) _
Cf/E‘ by Spalding-Chi II (Ree)’ real gas F_
19
20 \ 2
(ca11 wrTS
21
22 ;
RETURN
23
2l
&
25 2

NASA-Lengley Form 22 (&pr 69)



aEaNslaNeNeNe e Ne]

SUBROUTINE CFA CFA

COMPUTES HEATING RATES AND SKIN FRICTION AY CFA
VAN ORIEST {REX) METHOD CFA
SPALDEING CHT (REX! METHOD CFA
ECKERTS REFERENCE ENTHALPY [REX] METHOD CFA
ECKERTS REFERENCE ENTHALPY (REXMIN} METHOD CFA
ECKERTS REFERENCE EMTHALPY (RETHETA} METHOD CFA
SPALNING CHI {RETHETA) METHOD (€022) CFA
SPALNTING CHI {(RETHETA} METHOPR ({EQ21} CFA

AND WRITES QUTPUT CFA
COMMON XESHe XLSHL o THCR, JL TMy KLIMy TXLCL(ASO ) TYL L4500 »TSL&50) s TP(&50FA

101 TXLI 4500 TYLST4D0),TSSE450) CFA
COMMON ENX.FPOPT, ALX,RAF s ALMIN COPT o STHCR: T1oT2sL o XWU.PS T CFa
COMMON CMTOPT CEA

COMMON ALGN, ANJANZ s AP AVAR J AW AX+CEBy CEBP CEMpLEMP 4L FUMT oCFR 2 yCFERLFA
LRIyCFICFMT ,CF2,CF21,CNeCDEL,COE2.COEILCTHER ,DEL.DCLAMIDELSsDERR,DNCFA
Z,DPVARDRBYAR DRV AR DSTH DUV AR EvENGELoELT ¢ ELVU EMUs EMVAREMX,ENECFA
ANGM Gy ENT s ERR 4 FCyFCCF pFOCFLGyFCF o FCFPRyFD s FOPRFRREcFATHs GoGry GAsHyHEFA
HGAHHHAT y HP oy HT g HVAR o HWo HZ2 g TCELL o E 1o INy dJy JIL T MpdNo KoK KeKNoLLIM NKW,CFA
SNNPNONXTNT, PATMPIVAR,PR PRP,PRUIBVAR 4 RET yRETH, KHU UL s RHOW,, RO, ROIPCFA
6+ROVAR,ROWLRRIWRRMRRTVAR o RRXs RSEARRWRSISAVIRSLVAR s RX ¢ SHEAR, SP, SVARCFA
FoSH SX; TAWVEMP , TEMPLO,TEMPL ] , TEMPL 2, TEMP 14, TEMP2, TEMP 3, TEMP 4, TEMPCFA
BS« TEMPG ¢ TEMP T4 TEMPB o TEMP I o TR P TI VAR s TH o TPP o TRANs TT LR o FWa TXSWVAR ,XTCFA

DN HMTINy H2REX yZpZMA Y, ZMIN CFA
REAL TNg JM.&N CFA
COMMON F U3 AI3), ALPPELI ) o XINT(DI9) o THTI99)  ZTABLIA ¢ TABINIG)Y . TARINCEA

146, DXLTAR{ 20V DELK (20, RS5LGE 23 ALGL 2} ENG(2) sAN2L 7 CFaA

.COMMDN FRXTEZ0) + FRXLGT(208,FCATI 20 FCXLGT (204, FRTBE 200 ,FRLGTY{20}Y,CFA
IFCTBI20) o FCLGTIZ200 o XWELO00 B, FINGL 100, RSLW{ 1002 +SHEER LLO0) 4 X{ 1601 ,5CFA
2UL600PI{1603+XCO1608RBILAD WL} RARTI160),XMAXTE 120} ,DYDXTL{ 160CFA
31.NROXT{ 1601, DPONT{1601,NRPBDXTI160Y 4 VARI2) ;DERL2I sCUVAR(2) MWSAY(LECFA
400 RRTSAVIL60Y . XSAV{ 160 ,RSLSAVI 160}, REXSAV( 1602 ENSAVIL60)+CFSAVICFA
51600 TKYABL30) PRTABIZID] yPATABI T o XKWILG0) 4 WKWILHO0) cRSLEN( 160, IGCFA

6AS . CFA
COMMDN XX1 CFA
COMMON ACFT{22V, TREXT(22) ACFLGTL22), TRLGTE 22} v REXCF sHib 4 XO CFA
EXTERNAL FOF7 CFA
EXTERNAL FOFZA CFA
IF (MD=VAR(LDD 191,22 CFA
CALL CMT {CFMTA} CFA
CALL RFCAL {RAFA) CFA
TERMI=, 24ENVAR®EMVAR CFa
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COEL1=TW/TIVAR

AVDSOLI=TERML/COEL

RVDI=1{1.+TERMI=-COE1}/COE1

BVDSO1=RVOL*RVYDL

ALVD1={AVDSO1+AVDSOL-BVDL) /SORT(4,.%AVOSO1+BVDSOL)
BEVOL=BYDL/SORT (4. *AVDSO1+8VYNSOL)

TREK=t2, 57*[AS!N!ALVDIIGASIN(BEVDll!**Z*REXCF)I(TERHL*CUEI** 76)

TRLG=ALQGIO{TREX)

CALL NDISCOT ‘TRLG!TRLGOTRLGT!ACFLGT|ACFLGT'011!22'0!AVLG'
AVCF=10.**AVLG

CE2FPA={ ASINIALVDL ¢+ASTNIREVDL ) ) k22 AVCF/ { 2. ¥TERML}
CF2A=CFMTACFZFPA

CALL WRTS {CF2A,RAFA,CFMTA)

CALL VGAUSS [0e1.¢LeANZoFOFZ+FZs 14NN}

FCRAz=1./(ANZ*ANZ)

CALL CMY1 {CFMTR)

CALL RFCALY (RAFB}

FRX=FRTH/FCRB

FRYXRX=REXCF*FRX

FPXG=ALOGIOIFRXRX)

CALL DISCOT (FRXG:FRYEG,FRXLGT FCXLGT, FCXLGTIGllvﬁJaO FCLG)
FCFC=10,*%FCLG

CF2FPR=FCFC/LZ,%*FCBY

CF2a=CFMTA*(F2FPB

CALL WRTS (CF2B.RAFB.CFMTB)}

CALL CMY {CFMTC)

CALL RFCALY (RAFC)

HP=, S HWHHVAR D ¢, 22 % { HAW-HVAR}

CALL RGASH [(PIVAR.RPOP.AP,HP, TPP,SP,ERR,IGAS)
EMUT=({TIVAR/TPP)xx] G {TPP+199.6)/(TIVAR+19B.0)
CFZFPC=.370’(iﬁLOGlO(RE“CF*{ROP/RGVAR'*EHUT"**20534'*.5
CF2C=CFMTCRCR2FPC

CALL WRTS (CF2C,RAFC,CFMTCYH

CALL CMY (CFMTD)

CALL RFCALY (RAFD)

REX=RETH*VAR{LI/VAR( 2}

OEXMIN=REX®{ 1 .-XMIN/VARILY)

HP= . S5 [ HWeHVAR } 4+, 223 {HAH=HVAR]

CALL RGASH {PIVAR ROP AP HD, TPP, SP+ER2,1GAS)
EMUT2=ITIVAR/TOPI2E] 5%{TPP¢ 198, 6/ ITIVAR+198.6)
CFZFP“=.370f!|ALUGIO!RFXHIN*IRUPIRUVAR!*ENUTzﬂi**Z «3841%.5
CE2N=CFMTD®CF2FPD

CALL WRTS ICF2D,RAFD,,CFMTD)
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CFA
CFA
CFA
CFA
CFA
CFA
CFA
CFA
CFA
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CF&
CFA
CFA
CFA
CFA
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CFA
CFA
CFA
CFA
CFA
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CFA
CFA
CFA
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CFa
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s Nalal 2R aRw! OV Y

woan

CALL
CALL

CMY (CFMTE}
RFCALY {RAFE)

HP= o SX{HWHY AR} 4. 2 2% (HAW—-HVAR)

CALL RGASH (PIVAR,ROPAP 4 HP, TPP SPyERR,IGAS!

CFA
CFA
CFA
CFA

EMUTI=SORT{TIVAR/TPPI*{1,.#220. %10 %% {=Q./TPP)/TPP I/ 1.¢220,%10.%%({CFA
1-9./TIVARDI/TIVAR)
RBARTH=R ETH*EMUT3
RATLG=ALOGIOIRBARTH}

CRIZF=s5/0{1T.08%RATLG4+25. 1L }*RBTLG#+6.012)

CFr2rp

CF2E=

CALL
CALL
caLi
CALL

CALL

E=CFI2E/U{TPP/TIVARY
CFMTEXCF2FPE

WRTS (CF2E,RAFE.CFMTE])
CMT1 (CFmTL

RFCALL fRAFL!

VGAUSS,FOFZ

VGAUSS (0olaolsANZ FOFZ 3FZ,1 NN}

COMPUTE FC FROM EO(2200R {21}

FCl1=1

INTTT

of TANZ®ANZ b

AL ESTIMATE X

CF21=.937SE=-2% FRTHSRETH) *4{ -, 2148}

SOLVE FOR X USEING NEWTONS METHOD AND CFERR FOK ERAOR CRLTERTA

CFA
CFA
CFA
CFA
CFA
CFA
CFA
CFA
CFaA
CFA
CFA
CFA
CFA
CFa
CFA
CFA
CFra
CFaA
Cra
CFA
CFA
CFA
CFA
CFA

FOF=RETHUFRTH=1o/ {6 %CF2L I~ ( 1 F{ERBEDN IX({ 1= 2.%CF21% %, S5/EKISEXP (EKCFA
IRCE218k (=, 5] ¢ 2, ¥ CF2L%E. 5 /FKEl  =EKSH2 /(6.2 CF21 ) ~EXRSE 36 F21 %% (-1 .5)CFA

2712 o =EKERLR(F2UH¥(=2) /40 —EK*RSHCE2 1A% {=2.5)/180.)

CFA

FCFPR=1, /{6, %CF21UCF21)~(1 ./ {EKSEN )V R{EXPIFK#CE21%*(~-.5) J%( 1, /CF21=CFA
TEK#CF21%%{=105)/2.~CF21%%{=.5) /EK I #CF210x{ = S} /EK+EKFEK/ {6.2CF21CCFA
ZF211¢EKERIRCFZLHT (=2 ,5) /R ¢EK L ACF21 8% (=3 )/ 20, t ER%e SBLE 21 %% (=3, 5} CFA

37260

H2==F{F/FCFPR
IF (ABS{H2/CF21}-CFERR) 5,54

CF2i=

CF21eH2

GO T 3

SKIN

FRICTION CF/2
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CFa
CFa
CFA
CFA
CFaA
CFA
CFa
CFA

117
118
119
120
121
122
123
124
125
126
127
128



SO0

CR21=CFR21%CFMTL/FC1 CFA 129

CALL WRTS (CF2L1,RAF],CFMT1} CFA 130
CALL CMT1 (CFMT2}) CFA 131
CALL RFCALL (RAF2} CFA 132
' CFA 133

CALL VGAUSS.FOFZA CFA 134
CFaA 135

CALL VGAUSS {0s1.yL+ANZ,FOFZAL,FI,L,NN} CFA 136
FLC2=1./UANZ®ANT ) CFA 137
CF22=,9375E-2%( FRTHERETH) 2%( =, 2] 48} ' cCFa 138

FCF=RETHEFRTH=1 ./ [6*%CF22)1={ 1o /L EXXE) )& (1], ~2.%CF22¢%,5/EK)*EXP(FKCFA 139
LCF22%% (=.S5) )42 , 5CF22%% ,5/EK #lu= EKX%2/( 6, *CF 22} -ER&# 3L F22%%{~1.5)CFA 140
2F12.~EKARLRCF 22 %% =2 ) /40, ~EN*%SGx(F222x{=-2,5)/18U.) CFa 141

FCFPR=1 /(G *CFP2ACF22) - 1/ (EXRE) I EXP{EXSLF22%# - .5} ) *{ 1. /CF22-CFA 142
IEK*(F22%4{=1.5) F2.—CF22%% =, S} /EKI+CF22%% = SM/ EK+EX%EK/ 16, %CF22%CCFA 143
2F22) +EK % *3%CF22%% [~ 2,5) /B +EKKRLACF22%%{=3) /20, +EXKF®S5ECF22¥% [~3.5)CFA 144

3/72.0 CFA 145
H2=-FCF/FCFPR CFA 146
IF (ABS{H2/CF22)-CFERR) 9,8,7 CFA 147
CF22=CF22¢H2 : CFA 148
Gl TO 6 CFa 149
CF22=CF22%CFMT2/F¥C?2 CFA 150
CALL WRTS (CF22,RAF2,CFMT2) CFa 151
RETURN CFA 152

END CFA 153-
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1 CFCAL.- Subroutine CFCAL computes the VanDriest II Fc function to correlate

2 the skin-friction dats.

FEe

v om =~ &\

h 4

FMT = 1,176 (EQ. 24)

10
4

k-
1 (car1 vawDCF e

12 ¥
Call VGAUSS (FOFZ)

13 Computes ideal gas F_ (Eq. 22)

14 !

15 ( RETURN )

16

17
18

19

21
22
23
2k

25
T0
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YO OND0

SO0 OO0

SUBROUTINE CFCAL CFC
CFC

CALCULATES SKIN FRICTION FOR FIRST ITERATION CFC
NR FOR QOTHER ITERATIONS BEYDOND TRANSITION REGION oL
COMPUTES MANGLER TRANSFORMAT [ON FACTOR FOR CFC
VAN NARIEST TI (RETHETA) METHOD CFC
CFC

COMMON XLSHoXLSHL+ THCR ¢ JLIMy KLEM, TXLECL {4501 s TYLL1450) +T51450), TP(45CFC
10) . TXLL450), TYLSE4501,T55(450) CFC
COMMON ENX,FPOPT  ALX ,RAF y ALMTN,COPT,STHCRsT1+T2,L+XV0.PSTI CFC
COMMON CNTOPT CFC

COMMON ALGN!AN.ANZ.ﬂpnﬁVAR,AH.AXQCEB.CEBP9CEM0CEMP;CFBMT1CFBZQCFERCFC
1R!CF[cCFﬂT'CFZQCFZIlCN!CUEvaﬂEthﬂE31CTHCRlDELvDELﬂHpOhLS!BEQp'DNCFC
2.DPVAR.DRBV&R-DRVAR.DSTH.DUVAR,ErEKpELvELTvELVO-EMUoEHVAR-E"XoENvECFC
3NGN9EN[0ERR.FC;FCCFqFCCFLG'FCF'FCFPR'FD'FDPRQFRREnFRTHnG:GCQGKQHQHCFC
QAN’HHﬁT’HP'HT'HVﬂR'HH.HZvICELLrll'[NpJJ!JJL[HuJN.&oKK.KN.LL!M.NKH!CFC
SNN'NUyNK!NT.P&TH,FIVQR,PRqPRp'PRHvRBVARoRETQRETHvRHDUl!RHGH;ROfQUPCFC
6.RDV5R.RO“'RR!oﬂRNgRRTVAR'RRK.RSERR,RS[S&V.RSLVAR.RKoSHEARoSP|SVARCFC
705“05!,T&HoTEMPvTEMFIOIYEMP!loTEHPIZqTEMPIQ,TEHPZ:TEHPirTEMp4gTEMpCFC
BS-TEMPb.TEMP?pTEMPﬂ.TEHPQ’TEP.T[Vﬂﬂ.TK.TPP'TRANoTTll|TH.T*,HV&R;K!CFC
OGNy XMINe XZREXs ZyZMAX,IMIN CFC

REAL INy JNJKN : CFC

COMMON F{33.A(3I.ALPHE!B),XINT(QQIoTHT!?Q)eZTABLibi.TABINlG',TABJNCFC
163 NXLTABI{ZO) »DELKI2Y,RSLGIZI+ALGI21+ENGEZIANZIT) CFC

COMMON FRXT[ZU,QFRXLGT[ZO"chT(ZO‘QFCXLGTlEOlpFRTB(ZG)QFRLGT(ZO'iCFC
IFCTB(EOI.FCLGTlZOI.KH(IOOI.F[N&(lOOI.RSLH(lOOJ-SHEER(ldOl.K(lbO).SCFC
2(!60).?!(160!.XC!1601uRB|ibOl-H1lbos.RRTllbOi.XMAxTB!ZOl.DUDXTllbocFC
3|vDRnXT(160|ODPDXTIIBOlQDRBDXT‘160'|VﬁR(2’lDER(2loCUVAR(ZlvWSAVIlﬁCFC
40’:R9TSQV!160"KSAVIlbo'pRSLSﬁV(160'.REKSAV(160]-ENS&V!lﬁO';CFSAV[CFC
5160I.TKTABiHO!.PRTﬁBlZlO).PATABlY!.KKH{laoi.ﬂhullbOl.RSLKH!l&Q! CFC

COMMON fBLOCK/ PLTIII60) sPLY2{160) 4PLT3(160},PLT4l160},PLTS{160),FCFC
lLTﬁ(lﬁO'yPLT71160|'PLT8‘160||°LTQ(160’0PLT10(160’9?LT1El1603'9LT125FC

2{160),PLTL3(160),PLT14(160},PLTIS(160%, NKWSAY CFC
EXTERNAL FOFZ CEC

EXTERNAL FOFZA CFC

CFC

IS FLAYT PLATE CEC

CFC

IF (FPOPT)Y 1.241 CFC

CFC

MENGLER TRANSFORMATION =l. CEC

CFC
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-

YO0 OO0 oW D N0

CFMT=1,
GO 70 2

MANGLER TRANSFORMATION EQL24)

CFMT=1.,176
CONTINUE

CALL VANOCF

CALL VANDCF

INTEGRAL USING GAUSS SINTERVALS, &#PTS PER

CALL VGAUSS.FOF2

CALL VGAUSS 10410 L ANZ,FOFZ,FZs1,NN)

COMPUTE FC FROM EQL22}

FC=1./70ANZ®ANE)
RETURN
END

7=

INTERVAL

CFC
cFC
CFC
CFC
CFC
CFC
CFC
CcFC
CFC
CFC
CFC
CFC
CFC
CFC
CFC
CFC
CFC
CFC
CFC
CFC
CFC
CEC



1 CHECK.- Subroutine to be used by INT1A to allow certain logical control.

M

The control is not desired in this case and a dummy subroutine is

inserted.

v oo -1 N W B

10

12
13
hR
15
16
17
18
19

21
22
23
2k
a>
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SURRCUT INE CHECK

DUMMY SUBROUTINE FOR RUNGE KUTTA

RETURNM
END

Th

CHK
CHK
CHK
CHK
CHK
CHK

[+ B R P



1 CMT.- Subroutine CMT computes Mangler transformation factor for VanDriest

and Eckert's skin=-friction coefficient. .

2
3
M
5
6
T
8
9

FMT = 1.176 (EQ. 2L)

10 [
n RETURN

12
13
1k
15
16
17
18
19
20
21
20
23
2l
= 75
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SUBROUTINE CMT (CFMTX) CMT

COMPUTES MANGLER TQANSFORMATION FACTOR FOR cMrY

VAN DRIEST AND ECKERT SKIN FRICTION MY
COMMON XLSHe XLSHI s THOR  JLTMe KL M, TXLCL (4501, TYL{450) -TS{450),TP{45CMT
10} TXLESSOY o TYLS(4500.T5501450) CMT
COMMON ENX,FPOPT,ALXRAF  ALMINSCOPY o STHCRyT12T2+L XV 0+PSE oMY
COMMOMN CMTOPT oMY

COMMON ALGM, AN ANZ, AP AVAR AW, AX,CEB,CERP,CEM,LEMP+C FBMT ,CFRZ,CFERCMT
IRy CFILCFMT,CF2,CF214CN.,COEL, COE2,COE3,CTHCRDEL7DELAMIDELSyDERRSDINCMY
2+DPVAR,DRBVAR ;DRVARWDSTHDUVAR L EJEKEL ELT »EL VO, EMU, EMV AR, EMX, EN L ECHMT
IMGN e ENT ERR4 FC Wy FCOF o FCOCFLGWFCF W FUFPRe FO9FDPRyFRREyFRTHa G 3 GC s G Xy HoHOCMT
GAWHHAT yHP o HT sHVAR yHW o H2 y TCELL DT o TNy JJ s JILTMpd Ny KoM Ko KN LLIM ,NKW, CMT
SNN;NOyNX INT, PATM, PIVAR PR, PRP,PRW+RBVARLRETRETHy RHUUL + RHOW,RO,ROPCMY
6, ROVAR,ROWoRRI ,RRN+RRTVAR yREX)RSEERR,RSISAV )RSLVARIRX o SHEAR 3P s SVARCMT
e SHeSXe TAWTEMP yTEMPLOTEMPL 12 TENPI2, TEMP LA TEMP L. TEMP 3+ TEMP4ZTEMPLMT
B85, TEMPO, TEMP Ty TEMPE , TEMPO y TEP s TIVAR Ty TPP  TRANS FTLL o TW, TK WY AR 4 XTCMY

OGNy AMINg XZREX s 22 ZTMAX, IMIN CMY
REAL [N, JNJKN cmY
COMMON FI334A(3), ALPHELI R, XINT(OI}, TWTEO9) 4ZTABLIO) s TABINI(S), TARINCMT

2I6)BXLTABI200 s NELKI224RSLGE2I4ALGIZ2) ¢ ENGI 2} ANZ( T} CMTY

COMMON FRXTLZ20)4FRXLGTI20),FCXTL 20k ,FCXLGTL20).FRTBL 20} ,FRLGT{20), CMT
TFCTBL29) ,FCLGT (20 +XW{LDOF»FING(1O0) »RSLWLL00}.SHEER{LQU ) X{16Q),5CHT
2U160)PTI{1601+XCI1601RBILO0) s WILOO0)4RRT(160}XMAXTBLZU) »DUDXTL L60CHMT
3V»DRDXTL 160, DPOXTFLLA01,DRBOXTI160) yVARE 2} JNDER{ 2} +CUVAR( 2] 4WSAV{ 1HCHMT
401, 7RTSAVII60) o XSAVI 160 ,RSLSAVI I 60 oREXSAVILIOU) ENSAVILIG60),CFSAVICMT
S5160)TKTAB(3O}oPRTAB(210 - PATAB( Ty XKWIL60) s WKW 1008 »RSLKW(160) o [GOMY

6AS cHT
COMMON XX1 CMT
COMMON ACFTI22) ,TREXT{22) ,ACFLGT {221 TRLGT {223 sREXCF -HU» XD CHY
IF (FPOPT) 142,41 CMY
CFMTX=1. cMr
GO TO 3 CNT
CFMTX=1,.176 CMY
RETURN cuY
END MY

76

O Do O P P



1 CMT1l.- Subroutine CMT1 computes Mangler transformation factor for Spalding-

2 Chi skin-friction ccefficient.

WMWooom = O M

10

12
13
1L
15
16
17
18
19

21

22

23
2k
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SUBROUTINE CMTL (CFMTX}: CMt

COMPUTES HMANGLER TRANSFORMAT JON FACTOR F0OR LMl

SPALDING CHI SKIN FRICTYIDN cM1
COMMON XESHe XLSHY s THCRy JL IM KLIM, TULCLAGSOM o TYL L4500 2 T5{450) TP 45CM]
104, TXLI&50), TYLS(4503,TSS1450) CM]
COMMON ENXFPOPT, ALXoRAF ALMEN,COPT STHCR T T2,L o XV 0. P51 Ml
COMMON CMTOPY CMl

COMMON ALGNy ANy ANZs AP AVAR (AW, AX ,CEB.CEBC yCEMWCEMP +LFBMT +CFB2,CFERTM]
IR CFICFMTCF2,LF 21 CNCOELsCOE24COEIZCTHCR 4 DEL 9 DELA Mo DELS+DERR, DNCMIL
2¢DPVAR.DRBVAR, DRV ARy DSTHy DUV AR E 4 EKs ELoELT 4 ELVU2EMUs EMVAREMXENLFCM]
INGN ¢ ENE yERR 2 FC o FCCF 4 FCCFLG o FCF yFCFPR Y FD2FNPRIFRREZFRTHe Go GCy Gy H,yHEML
4AH s HHAT 4 HP g HT s HV ARy HWo H2 s TCELL o T [0 TNy 800 JULT My Jivg KoK Ka KNoLLEM ,NEW,CME
ENNsNOZNXTNT,PATH  PIVAR,PR,PRP,PAW,RBVAR,RET,RETH, RHQUI s KHOW,RO,ROPCHMA
6+ ROVARJROWsRRIARNJRRTVAR RR X RSFRALRSISAVLRELVARSRK » SHEAR s SP,SVARCHMI
ToSH oS TAW, TEMP, TEMPLO,,TEMPYI Y, TEMP 12 , TEMP L& ¢ TEMP2 , TEMP 3, TEMP 4, TEMP (ML
B5, TEMPO s TEMP 7+ TEMPB 4 TEMPI s TEP TI VAR TK o TPPo TRANS TTLL o Ty TX o WVAR, XTCML

ONy XMINg XZREX ¢ 2o ZMAX ; ZMIN cMl
REAL IN. JNeKN CcML
COMMON F{3b,A13) ALPHEIDh  XINTIOQY, THTIO9 . ITABLLbY, TABENLA) , TAR JNCHML

L(6)eDXLYABI200DELKI2),RSLGE 2} ,ALGI2) ENG(2) aN2{ T CcM1

COMMON FRXT(200 . FRXLGT{20)+FCXT( 23} FCXLGT{20)sFuT8L 200 +FRLGT{2D1,CM1
LFCTRIZQ)«FCLGTI 200« XWIL100! +FING6L LODY 4 RSLWIL00) o SHEER (LOO X[ 160} ,SCML
2ZU160)2T{160}XCU160)+RBLLED I +HWILADIRRT{L6D) o XMAXTB L2V +DUDXTL 160CHME
3),DROXTI 1600 NIPDXTU 1601« DRBOXTILIGO0) s VARIZ2) cOERIZ) CIVARIZD4MSAV16CM]
4071 RPTSAVILIGO0} ¢ XSAVI1603RSLSAVI LGS0 REXSAVI L6U) ,ENSAVE L60) ,CFSAVICHM]
5160, TKTAR{ 30} ,PRTAB(210),PATABI 7} +XKWIL60) s wKW(La0} sRSLEKW{160}, [GOM]

&A% CME
COMMON X X1 CM1
COMMON ACFT (223, TREXTI22) . ACFLGT (22, TRLGTI 22 REXCF «HO KO cMl
TF (FPOPTE 1.2,1 CMl
CRMTX=]. cMl
GO T4 3 Ml
CC=3,=a309136%{VARI{1}=XVO)}/(XMAXTB(20)=XVD) CM1
CrMTX={3.4641016-SORT{12.=-4.%CC}} /2. M1
RETURN CHML
EMD CMl

78
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1 CRRD. - Subroutine CRRD reads inviscid flow field from tapes 15, 16, 22 if

2 CARD = 0 is input. This subroutine computes tables of x/rn, rb/rn,
3 5, P, on body and rs/rn, s on shock.
I
!CRRD l
!
¥
6 Read tape 15 AMES MOC tape
Read body and shock points until XLSH reached
7 XCL/rn’ Y/rna Q, 6, M, s, p, H, p, PT
8
9
10
1n Read tape 22 AMES MOC tape
_ Read body and shock points until XLSH1 reached
12 Save shock points from tepe 22
Save body vpoints from tape 15 ;
13
Y

1k »{Read tape 16 AMES blunt body tape
Read body and shock points until ECF

15 Use tapes 17, 18, 19, 20, 21 for
intermediate storage of body and shock
16 From MOC tape save gll body points

From MOC tape omit decreasing x/rn shock points and save cothers

1

1 From blunt body tape omit shock points with y/r_ > yir sat
. . n n

18 first MOC shock point saved.

From blunt body tape omit body points with x/r » xfr at
19 first MOC body point saved. n =

20 l

21

22

23
2k

'\i.‘?5 79
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1 Set up table of body points xCL/rn, rb/rn, S, P, x/rn

2 ' -
IF (xCL/rn l+sin Sc) . x/rn

IF (XCL/rn—l+51n Bc) 0 . x/rn

=1
cos (l—XCL/rn)

VoA

W/2-60+(xCL/rn-l+sin BC)/cosec

Set up table of shock points rs/rn, ]

Save count of number of body and shock points in tables

2

{ RETURE )

Ko I o « BEENE s B R .

10

12
13
14
15
16
17
18
19 -
20
21

22
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SUBRROUTINE CRROD CRD
: : CRD

READ TAPES FROM AMES ALUNT RODY AND CHARACTERISTICS PROGRAMS CRD
SET UP TABLES OF X/L CENTERL INE,X/L BODY, B8M0Y RADLJS.ENTROPY, CRD
PRESSURE CRD

SHNCK RADIUS, SHNCK ENTROPY CRD
KLIM= COUNTOF SHOCK POINTS, LIMIT OF 450 CRD
JLIM= COUNTOF AODY POINTS, LIMIT OF 450 CrRO
CRD

COMMON XLSHsXLSHL s THCR o JUIM, KLIM, TXLCLU450Y, TYLI453) «T5(450),TP(45CRD
101, TXLI450), TYLS(450),.T55(450) cRD
DIMENSION CHBI1O) s CHS(10+2Fy BLAR(10}, BLSC1Uds TSVSHULIQ)s SVBOU1DOCRD
1)s SVSHU10) CrRD
REWIND 17 CRD
REWIND 15 CRD
REWIND 18 can
J=0 CRrRO
ced

READ TAPE 15 AMES MOU TAPE CRD
XZLCL2¥/L+sQsTHETA WMy S,Py HeRHT, PY CrO
READ BODY AND SHOCK PNINTS UNTTL XL SH REACHEQ CRO
USE TAPES 17,18519.,20,21 FOR [INTERMEDTIATE STUKAGE UF BODY.SHOCK CRD
CRD

READ (15,37) {(CHB(T1),I=1,10} : can
WRITE (6,37 (CHBUI),TI=1.,10) CRD
IF (ENDFILE 15) 2.3 CRO
M= )-1 CRN
GO T 7 CRD
WRITF (17,371 {(CHR(I),E=1,10) CRD
I=J+1 CRD
READN (15,37) (CHSET,1)s1=1,101 CRD
WRITE 164371 (CHS{T,1).1=1,10! CRD
IF (CHSC¢LsLI=XLSH) 4+4,5 CRrRD
IF (ENDFILE 15} 5.6 CRD
M= =2 CRD
GG YO 7 CRD
WRITE (184377 (CHS{I,10s0=21:10% {RrRD
GO 10 1 CRD
CRD

1S ANGLE BODY=ANGLE SHUOCK CRD
CRD

IF (XLSH=XLSH1) 3,15,8 CrD

31
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- EalaleNeleNe

10

11

12
13

14

000

16

17

18

READ TAPE 22 AMES MOC TAPF

REAQ AODY AND SHOCK POINTS UNTIL XLSHL REACHED

SAVFE SHOCK FROM TAPE 22
SAVE RODY FROM TAPE 15

REWIND 22

REWING 18

L=0

READ (22,370 (CHRII),I=1,10)
WRITE (6.3T7) {(CHR{I).T1=1,10!
IF (ENDFELE 22} 10,11

L= =1

GO TQ 15

CONTINUE

L=L#1

READ (22437) (CHS{I,1),0=1410)
WRITE (6237} (CHS{I,1):1=1,10)
IF {CHS{Lle1¥—XLSHL} 12,12, 13
IF (ENDFILE 220 13+14%

LM=L-2

G0 TN 15

WRITE 118,37) (CH5{I.1i,I=1.,10}
G0 TO 9

REAN TAPE 16 AMES BLUNT BODY TAPE
READ RONY AND SHOCK POINTS-UNYIL EQF

K=0

REWIND 16

REWIND 19

REWIND 20

RFEAD (16,37) {(BLBIE},Is1,10}
WRITE (6,37 (RLB{T},I=1,102
IF (ENDFILE 1A} 19,17

WRITE (19,37) {(BLB(I)eI=1+101
READ (16373 (BLS{I1},[=},10}
WRITE (637) (BLS{Id,T=1,10}
IF (ENDFILE 16! 19,18

WRITE (204377 {BLSUI}»I=1410}
K=K+l

GO TO 1&

82

CRD
CRD
CRN
CRD
CRD
CRD
cen
crop
CRrD
CrPD
CROD
CRD
cRD
CRN
CRD
CRD
CRD
CRD
CRD
CRrRD
CRD
CRD
CRD
can
CRD
CRO
cRro
CRh
cen
crD

CRD -

CRD
CRD
CRD
CRD
CRD
can
CRD
CRD
ceo
CRDN
CRD
CRD
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20

21

22

23
24

25

26

27

FROM MDC TAPE SAVE ALL BODY POINTS
FROM MOC TAPE OMIT [ECREASING X/L SHOCK PTS AND SAVE OTHERS
FROM BLUNT B00DY TAPE OMIT SHOCK POINTS WITH Y/L.GTLY/ZL AT

FIRSY MOC SHOCK PY SAVED

FROM BLUNT RODY TAPE OMIT RODY PTS WITH X/L.GT.X/L AT

FIRST MOC BNOY PT SAVED

REWIND 17

READ (1T7+37) (CHBIIl,I=1,410)
REWIND 19

SEWIND 21}

11=0

D0 21 KK=1,.K

READ 119,37) (RLB{I),I=1,10}
IF (BLR{1}=CHR(1)) 20.,20+21
JI=dJ+1

WRITE (21,37} (BLBITY,1a1,10)
CONTINUE

REWIND 17

N 22 KK=1l+d

Jd=JdJ+l

READ (17437) {(CHR({IV,1I=1,10)
WRIYE (21,37} {CHB(I},!=]1,10)
CONT INUE

Lt=0

REWIND 17

REWIND 18

READ (18,37} (CHS(T1,2),1=1,10)
IF {XLSH=-XLSH1) 24,23+24

LM= M

N0 27 KK=1,LM™

D0 25 1=1.10

CHSUT 1) =CHS 1 T.2)

PEAD {18437} ICHSII2)40=1,10)
TF (CHSt1p15-CHSI1,23) 26,26,27
LL=LL +1

WRITE {17,37) (CHST{I,11,1=1,10)
CONTINUE

Li=LL+1

WRETE (17.,37) (CHSIT2),1=1,10)
REWIND 18

REWIND 17

READ (17437F (TSYSH{TYI=1:10)

33

CRD
CRD
CRD
CRD
CRD
CRD
CRO
CRrRD
CRD
CRD
C.RD
CRD
CrD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CR}
cen
CRD
CRD
CRD
cen
CRD
ced
CRD
CRrD
CRD
CRD
CRD
CRD
cen
CRD
CRD
CRO
CRD
CRD
CRD
CRD
CRD



28

29

AW

3t

32
33

REWIND 20

ML=0

N0 29 KKel,K

READ 120,37) (BLS{I),1=1,101
IF (BLSI2)=-TSVYSHE2})Y 28,28,29
ML =M +)

WRIYE {18,37) (8LS{I},1=1,101
CONT I NUE

REWINND 17

DO 30 MK=l,.ti

ML=ML+¢+1

READ (1737} (TSVSHIII,I=1,10)
WRITE {18,370 (TSVSHITI},[=1,10)
CONT INUE

SET 4P TABLE OF BODY PTS X/LCL4RB/L,5.P.X/L
SET uUP TABLE OF SHOCK PTS RS/L,S
SAVE COUNT OF NO, OF BODY AND SHOCK PTS. IN TadLeS

REWIND 21
STHCR=SIN(THCR}
CTHCR=COS|{ THCRY
PMTH=1.5T07T26~-THCR

=0

N 33 Ki=1,44

Jd=js1

READ (21+37) (SVBD(Ik.I=1,101)
TXLCL{J} =SVBD{1}
TYL{J)=SVBD{2}

TS50 1y=5vaDi{6}

TP J})=5VvBOI(TH
XL=THLCL( J)=1a4 #+STHCR

IF (XL) 31+31.32
TXL{3=AC0S{L.=TXLCL{ )
GO TO 33

TXL{ }i=PMTHeXL/CTHCER
CONT INUF

JLTM= 3

REWIND 18

K=

N0 36 KJj=1l,ML

K=Kaol

READ [(18,37) (5VSH(TYeEi=21,10)

CRD
CRD
CRD
CRD
CRD
crD
CRD
CRD
CRD
CRD
CRD
CrO
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
cRD
CRD

129
130
31
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
i61
162
163
164
165
166
167
168
169
170
Irt



34

315
36

Wy,

TYLS (K} =SVSH{2)

IF (SVYSH(13}=XLSH1) 35,35,34
TSSIK)I=TSS{K=-1}

6N 10 36
TSSIKI=SVSHIG)
CONTINUE

KL TM=K

CALL EVICT (6LTAPELS)
CAalLl EVICT (6LYAPELG}
CALL EVICT (6LTAPEZ2)
RETURN

FORMAT (S5ELS.9)
END

85

CrRD
CRD
CRN
CRD
CRD
CRD
CRD
ceD
CRD
CRO
CRO
CRD
CRD
ceD
CeD
CRD

172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187-



1 DELITR.- Subroutine DELITR computes boundary leyer thickness for cone or

2 flat plate and displacement thickness for flat plate.
3
b DELITR
5 ¥

Call VCAUSS (FOFX)
6 Computes integrals wrt. y/é
7 Through the boundsry layer
8 s Flat Platel
9 | Yes
10 "

§%/8 = f
1 f3
. 8/6 = 1

12 -

G/rn = Blrn/9/6
13 * = A%

§ /rn S#*/8 ﬁ/rn
b -
15 » Compute Glrn (EQ. 5)
16 v
17 R
18
19
20
21
22
23
2k
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SURROUTINE DELITR DEL

NEL

CALLS VGAUSS.FOFX TO GET INTEGRALS WRT. Y/DEL THROUGH BUUNDARY DEL
DEL

COMMON XLSH,XLSHI;THCR-JLIH.KLIM;TXLCL(ﬁSDl.TYL(#ﬁO)-TS(QSOl'TP[4SDEL
10Y,TXL1450). TYLS(450),755(4501) DEL
COMMON ENX.FPHPT.ALX.RAF.ALMIN¢CUPTcSTHCR,Tl.TZ-L-XVOoPS! DEL
COMMON CMTQOPT DEL

COMMON ALGN'QN.ANZ,AP.AVARoAHoAXpCEB,CEHP-CEMgCEHP.CFBMT,CFHZ.CFERDEL
lR-CFIcCFHT;CFZoCFZIoCNfCDE!'COEZ'CGE3oCTHCR.DEL.DELAH.DELS:DERR'DNDEL
ZUDPVARoDRBVAR.0RVAR|DSTH!DUVAR|EyEKlEL;ELT!ELVO'EMUuEHVARvEHKvEN,EDEL
3NGN-ENI-ERR.Fﬁ.FCCF.FCCFLG.FCF.FCFPR'FD-FDPR.FRRE;FRIH'G'GC,GX'H,HDEL
QAHuHHATpHP.HT'HVAR.HH.HZ.ICELL-II.IN.JJ-JJLIM.JNoﬁnKK.KN.LLIH,NKH.DEL
5NN.NU,NXlNToPATM.9!VAR.PP.PRP,PRH'RBVAR.RET,RETH.RHDU!;RHDH;RD.RUPDEL
6.ROVAR.RGN.RRIuRRN,RRTVﬂR.RRK.RSERR,RS{SAV.RSLVAR;RKoSHEAR'SP.SVARDEL
T.SH.SX'TQH.TEMP,TEMPIDvTEMPlquEHPlZ.TENPl#qTEMPK.TEMPS.TEMP@.TEHPDEL
BSoTEMP&.TEMPT.TEHPS.TEHPQ.TEP.TIVAR'TK,TPP.TRAN.TTII-TH.TK.HVAR,X!DEL

9N.XMIN.XZREK-.1-ZMM(»ZM!N DEL
REAL TNy JNKN nEL
COMMON F(3’9&(3’vALPHE|3‘,KlNT199"THT'QQ’qZTABLlQigTAB[N(G,QTABJNQEL
1(6’vDKLTAﬂ(?O';nELK‘ZlvRSLGIZ‘vﬁLG‘2|oENG(Z‘,ANZ(fl NEL

COMMON FRXT(Zﬂi.FQXLGTIZO"FCXT!ZDI,FCXLGT(ZU)'FRTB(20!.FRLGT(ZOI.DEL
lFCTB(ZOI-FCLGT(201|KH11001-FINBC1001;RSLN(130).SHEE%ilOul.K(lﬁDleDEL
21160'-91ll&OI.XCl1601'RB(1601.H(l60|’RRT(16019XMAXTBIZOJoDUDKT!lbODEL
3!-DRDRTI160!onPDXTtlbol-DRBDXTllbuioVAR(Z).DER(Z)oCUVAR!Z\;HSAV(lbnEL
40!.RRTS&V(160]»XSAV(160!oRSLSAV|lﬁOlcREXSAV(lbOI.ENSAV(IGOIqCFSAV(DEL
51601oTKTAB(30iqPRTABKZIOI.P&TAB!7):XKH!160l,HKHl160!.RSLKH(lbOi DEL

CNMMON /BLOCK/ PLTlllboi.PLTZI160!uPLTBIIBDI.PLTQ(lbul-PLTS(lﬁolquEL
1LT6(160!-9LT7!1603;PLT8[1601o°LT9(l60i-PLT10(1&03-PLIilllbO)-PLT!ZDEL

2(160'|PLT13(160’rPLTlﬁ‘lﬁO'vPLTlﬁllﬁO)qNKHS&V DEL
DEMENSION F2L 7} DEL
EXTERNAL FOFX DEL
SX=S5VAR DEL
DEL

CALLS VGAUSS.FOFX TD GET INTEGRALS WRT, Y/OEL THRUUGH GOUNDARY NEL
CALL VGAUSS (Dolo|LrﬂN2:FUFX!F2!7rNN, DEL
DEL

1S FLAT PLATE DEL
NEL

1 (FPOPT) 1.2l NnEL
DEL

NELTASTAR/DELTA = INTEGRAL (3} DEL

87
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aNelwl g NaNgNel laRale N el

[ERTESEe FeNeNe)

DSND=ANZ{3)
THETA/DELTA=INTEGRALIYY
THOD=AN2 11}

DELTA/L

THETA/L FROM SUBROUTINF DERSUR

DEL=CUVAR{2}/THOD
NELTASTAR/L

DEL S=NEL*05ND
Gn TN 3

COMPUTE BOUNDARY LAYER THICKMESS
IF CONE FIND DELTA/L FROM EQI(S5)

NEL={-ANZ2TLJ+SORT (AN IV XEZ28 4 HANZ2ISIXTEMPLL )}/ (L.%ANZ(S)}

RETURN

FND

88

DEL
NEL
BEL
DEL
DEL
DEL
DEL
nEL
DEL
DEL
nEL
NEL
DEL
DEL
DRy
NEL
DEL
NEL
DEL
DEL
NEL
DEL
nEL
nEL



1 DERSUB.~ Subroutine DERSUB evalusates the derivative of the variable entropy
2 momentum integral equation.
3
in DERSUB
5
6
IT

Caell EDGE
8 Call AL3CAL
9
10
11

Call CFCALJ
12

13 @ition region? '

14 Yes
15 N linear between N, and Nypp —-@
16 L ;
17 Ig in transition region?
18 ‘ Yes

N (EQ. 26)
19 cp/2 (EQ. 25)—~@
20
21 @a.ll CFC@
22 -

k.

23
2h

NASA-Langley Form 22 (Apr 69)
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12
13
14
15
16
17
18
19

21
o2
23
2

25

Find F C, from FpR o, F T, teble

= 1.045 (EQ. 36)

CF,cone/CFlFLATPLATE
EF/E = Fch/EFc

xvolrn (EQ. 9)
2

(EQ. 8)
computes ¥ = £(Z)

Is Flat Plate?

iles

Call DELITR
§/r_, 6%/r
n
Call DELITR
' §/r (EQ. 5)
i

rs/rn (EQ. 19)
&*/r (EQ. &)

)

%

compute 6*/0 ]

du_/ax/r_, ap,/dx/r_ from

tables of x/rn, adg/dx/rn, dpe/dx/rn

l

20
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10

12
13
14
15
16
17
18
19

21
22
23
2k
23

Is Flat Plate?

de/rn/dx/rn

¥

dpe/dx/rn, d rb/rn/dx/rn from
tables of x/rn, dpe/dx/rn, drb/rn/dx/rn
defrn/dx/rn (EQ. 3)

r

RETUERN

91

NASA-Langley Form 22 (Apr 69)




Dot an

Oan

=R s e Xe!

SUBROUTINE DERSUB DER

DER

X/L=CUVAR(1), MOMENTUM THICKNESS=CUVARI{2?) DER
AT X/L STATION COMPUTE VARIABLE ENTROPY MOMENTUM INTEGRAL DER
EQUAT 10N DER

COMPUTES DTHETA/DX AT EACH STEP IN RUNGE-KUTTA INTEGRATION BY €03 DER
DER

COMMON XLSHy XLSHY o THCR, JL Ty KL M, TXLCL 45D, TYL[450) , 151450, TP 45DER
10} TXLI4SOY, TYLS(450),7TSS5(450) DER
COMMON ENXsFPOPT, ALXRAF , ALMIN, COPT o STHCR T, T2, Lo XVO,.P5T DER
COMMON CMTORT DER

COMMNON ALGN.ﬂN.ANZ.AP.&VAR.AH.AX'CEB.CEBP.CEM.CEMP.;FBHToCFBZ,CFERnER
IROCFIvCFHT|CF2ucFZI'CNaCﬂEl;CUEZ|CUE3;CTHCR!DELQDtLAH,DELS,BFRR'DNDEﬂ
ZvOPVARvDRBVARnDFVﬁR.DSTHOﬂUV&R,EvEKfELvELFfELVUOENUoEHVARQENX.ENpEDER
3NGN9§N!eERRpFCOFCCF'FCCFLGrFCFlFCFPQQFnyFDPRaFRREgFRTHnG.GC.vaHvHQER
4ﬁHoHHA?oHPvHTsHVAR.HH.HZ'!CELL;quINs&JfJJL[M.JN.K.KK.KN,LLIM,NKW.OER
SNNpNOpNX[NV'PATMuP!V&R,pRnPRpppRHpRBVﬁR'REF,RETH.RHDUIuRHUN;RU.ROPDER
HeROVARLROWsRRISRRNJRRTVAR sRR X4 KSERRWRSISAV,RSLVAR ;RX s SHEAR . 5P, SVARDER
7.Sw.SR,T&H.FEMP.TEMPlD’TE“PI1-TEMPIZ.TEMP14.IEMP2aTEHP3-TENP&;TEMPDER
BS,TFMP6°TEMPT'TEMPBQTFHPQoTquT]VﬁRqTKlTpvaRhNoITll1THQTXv"VARQX'DER

FN XMINYX2REX, 2, IMAX, ZMIN DER
REAL 1IN, JN,KN DER
COMMON £ (314 A(3) , ALPHE(I . XINTLO9), THTE99 ), I TAGLL G+ TABINIG) , TAB INDER

L6V +DXLTARIZ20D 4 DELK{2D,RSLGL 2D ALGI2) 4ENGE 2 ,aN2(I T DER

COMMON FRXT(20),FRXLGTI208sFCXTU 200, FCXLGTI20)sFRTBI 20} . FRUGTI 20 ,0ER
LECTR{20) ,FCLGTI20) o XW (100} +F INGL 100 ,RSLUELO0D o SHEER (1D0) X1 160} 4SDER
201601PE(160)o XCULI60D.RBILEI Dy WIL60TRRATELE0) XNAXTBE2U) yNDUDXT( 160DER
31,DROXT{ 1601 ,0POXT{160},DRADXTILH0) s VARI2) ,DERL2} «CUVARL2) ,WSAVI 16DER
401, RRTSAVILO00 ¢ XSAV( 1601, RSL SAVL 160) ,REXSAVE 160} ,ENSAVE 160 . TFSAVIDER
5160) 4 TKTABI308 ;PRTARIZ210) +PATABI 7Y o XKHILAEO Dy 0K £ L0 oRSLEWI160) DER

COMMON [TGAS, XX1 DER

COMMON 7BLOCKY PLTL(160),PLT2(160),PLT3{160),PLT4{160},PLT5{1601,PDER
LLTO(1600PLTTI1600,PLTBL260) 4PLTI{15600,PLTLIO{ 160 sPLTIL 4160} ,PLTI2NER

211601 :PLT23{160 ., PLY1&(150),PLYLSL160),NKWSAY DER
DER

IS START OF TRANSITION DER

DER

TE (CUVAR{UII=XMIND 1,19,1 NER

BER

CALL FODGE DER

DER

CALL EDGE ' NRER
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CALL AL3CAL
CALL AL3CAL

1S FIRST ITERATION .
TEST CODE [ICELL IF=0 FIRST ITERATION

IF {TCELL) 42+ %

CAaLL CECAL

CALL CFCAL

IS TRANSITION REGION

IF [CUVAR[11=-X2FREX) 3,3,8

NzL INEAR BETWEFN N{TRANSITION) AND NUTURBULENT!

ENENT=( XMIN=-CUVAR{LII*IENT-ENX} /I XMIN=XZREX }
G0 10 13

IS TRANSITION REGION
YEST CODE TRAN “IF=0 NO TRANS!TION REGILON

IF LTRAN) 54745
IF [CUVARTLI=X2REX) 6467

JITERATION AFTER FIRST [IN TRANSITION REGION THE N VARIATION IS5
NONL INEAR
WITH PST CONTROLLING THE DEGREE OF NONL INEARITY
THE SKIN FRICTION COEFFICTENT ALSO NMONL INE AR
CONTROLLEN 8Y PSI
N EQ(26)
CF/2 £FOL25)

XX=PSI-CER®{ X2REX-~CUVAR(L1}}
XX1=(CERP+TANH(XX} } /(CEBP+CEBP)
EN=ENT+XXL*CEM

CF2=CF2T ¢XX1*CEMP

GO TO 13

935

DER
DER
DER
DER
NER
DER
DER
DER
DER
DER
DER
OER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
NER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
NER
DER
DER
DER
DER
DER
NER
DER
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CALL CFCAL

CALL CFCAL

USING FRTHETAXRETHETA,SPALDING-CHI TABLFE GIVES FCCBARF

FRRE=ALOGLO(FRYH®RETH]}
CALL DISCOT (FRREFRREWFRLGT,FOLGTFCLGT+011+420404FLCFLG)

FLCF=10.*%FCCFLG
CFB2=FCLF/{2.%FC)

CAFMT EQT36)
Xva/L 0o EQL9)

ELVD=CUVARI(2)/{CFBMTZCFB2)

I EQ(s}

Z={RETHEXANTCOE L **CN*®(ELVO/CUVAR( 21 b xxKN) / IEMVAR®®DN )

BEYOND TRANSIVION N=6.*%L0OG{2}=7,. EXLEPT
N=2 BELOW ZMIN,N=1] ABNVE IMAX
WHERE 7 COMPUTEN USTNG NISTANCE FrUM VIRTUAL

T LT.2ZMINeN=2

IMINLE. 7aLEZMAX NIEQBD

ZaGT o ZMAN ¢N=10

TF (7=ZMIN} 9.10,10
EM=2,

GO O 13

IF (Z-ZMAX) 12.12,11
EN=10;

GQ TO 13
EN=6&.2ALOGL0O(Z~T.

IS MLLT.NETRANSITIGN?
IF {ENI=FN) 15,15.14
N=N[TRANY

EN=ENT
TEMP3=] , /EN

DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
DER
NER
OER
DER
DER
NER
DER
DER
DER
pER
DER
DER
DER
DER
DER
DER
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aa
a9

91
92

e L
95
96

28

29
100
101
102
103
104
105
106
107
108
109
110
i1l
112
113
114
115
116
117
118
119
120
121
122
123
124
1256

127
128
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IS FLAT PLATE
IF (FPOPT) L16.17+16
CALL DELITR FOR DEL/L.NELSTAR/L

calLL DELITR
GN TO 18

GIVEN MOMENTUM THICKNESS COMPUTE BOUNDARY LAYER THICKNESSSHOCK
RADIUS :

DISPLACEMENT THICKNESS EXCEPT AT STARY OF TRANSITION WHEN SHOCK
RADIUS GIVEN

FIND VALUE TFEMPL1 COSUTHETACY/ (2RB/LI*LOFLISQ+(D/L)

CAL) DELITR FOR DEL/L{EQS)

TEMPLLI=TEMPLORCUVAR(2}I*CUVAR 21+ CUVARL 2}
CALL DELTTR

RS/LIEQLD)
RSLVAR=SORT{TEMPIZ2®*DEL*ANZ2 (6 )+TEMPL2*DEL*DEL *ANZI{ 2}}
NELSTAR/L{EQ4) |
G==DEL*AN2(3 }-DEL#DEL=ANZ2 (&)

DELSTAR/THETA

NELS={~1 .+SORT(1.=TEMPLAXG))/TEMPO
NSTH=DEL S/CUVAR(2) :

TABLE OF VELOCITY,DENSITY PRESSURE,BODY RADIUS DcRIVATIVES FROM
PREVIOUS [TERATION
DU/DX,DRHD/DX FROM TABLES

CALL DISCOT {CUVARILI »CUVART 1) +XKH,DUDXT s DUDAT ;011 o NRE 2 O« DUVAR)
CALL DISCOT (CUVARIL1ICUVARE L) ¢XKWNRDXTsDRDOXTe011leNKisGoDRVARY

1S FLAT PLATE

1 (FPOPT) 20,21.20

95

DER
DER
DER
DER
DER
DER
DER
NDER
DER
NER
NER
DER
DER
nEe
OER
DER
DER
DER
DER
DER
DER
DER
DER
DER
NER
DER
DER
DER
DER
DER
NER
DER
DER
DER
OER
DER
DER
DER
DeR
DER
DER
NER
DeR

129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
la4
145
1456
147
148
149
150
151
152
153
154
155
156
157
iss
159
160
161
162
163
164
165
166
167
168
169
170
171
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[ RsKaNeRai

DER

DTHETA/ DX DER
DER

DERE2)=CF2=CUVAR (215 { { {2, +DSTHIXOUVAR } /WV AR+ DRVAR/RR TVAR)D DER
G To 22 DER
DER

DP/DX,DRB/DX FROM TARLES DER
DER

CALL DISCOT {CUVARILIZCUVARILY X NPOXT yDPOXT 4011y JdL IMy O« DPVAR] DER
CALL DISCOT {CUVAR{1J,CUVAR( LV 4XDRBDXT,DRBOXT+0L1eJd JLIMH+G,DRBVARYDER
DER

NTHETA/DX = DER{27 [NCREMENT [N MOMENTUM THICKNESS FOR DER
RUNGE KUTTA INTEGRATION DER
DTHETA/DR(EQ3} DER
NER

NER(2)=CF2=CUVAR [ 20 %({ (2, +DSTH)*DUVAR } /WVAR+DRVAR/RR TVAR+DRBV AR/RBDER
IVARIH(DEL/WVARI*{DPVARSGC/ IRRTVAREWVAR Y +DUVAR] NER
RETURN DER
DER

END DER

172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
138
189
190
191~



EDGE.- Subroutine EDGE computes the initial conditions at the edge of the

2
boundary layer using the results of the inviseid solution and the
3 laminar boundary layer calculation.
y
5
EDGE
6
T Y
Computes P, from table of x/rn, e
8
. rb/rn from table of x/rn, rb/rn
rs/rn from table of x/rn, rS/rn
10
s from table of r /r_, &
e s''n
11
12 .
Call RGAS for he’ Bos Te, pe
13
L C "M R
omputes_ue, e? ue, B
15 o
T from table of X, . T 'R
w inch w
16
¥
17 GAS
Call RGAST for hw, 2 s P,» S,
18
15 T F
Ccemputes aw® TRO®
20
¥N,h , h'
r aw
21
22 d
Call RGASH for T', p', a', s'
23 i
2h
25
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Ao o » B N = LAY |

10

12

13
1L

15
16
7
18
19

21
22
23
2k
25

Computes Nﬁr from Hansen's Tables

Computes (N ) from Hansen's Tables
pr'w

Computes RAF from Table I

Computes By (EQ. 13)

- Is Flat Plate? .

Computes cos Bc/rb/r

cos 8c/2rb/rn
2 cos Bc/rb/rn

2 rb/rn peUe/p U_

y

(e )

98
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SUBRCGUTINE EDGE EDG
EDG

AT X/L STATION COMPUTE PRESSURE, BNDY RADIUS,SHOCK RADIUS,ENTROPY, FOG
- DENSITY EDG

VELOCITY MACH NO. »ENTHALPY ,TEMPERATURE, EDG
WALL TEMPERATURE.DENSITY ,ENTHALPY.PRANDTL NO. EDG
ADIARATIC WALL ENTHALPY,TEMPERATURE EDG
REYNOLDS ND. BASED ON MOMENTUM THICKNESS EDG
ECKERTS REFERENCE ENTHALPY FEMPERATURE PRANDTL Ny EDG
EDG

COMMON XUSH, XLSHL s THCR ¢ JL TMy KL IM, TXLCLEA50),» TYL (4500 »TS5(450) , TPUASEDG
10) s TXL(450). TYLS(450),TS55(450) EDG
COMMON ENXsFPOPT ALX+RAF, ALMIN,COPT,STHCR o T1T2¢L ¢ XVU,P 5! EDG
COMMON CMTOPT EDG

COMMON ALGN.AN;ANZQAP,QVAR,AH;AX»CER.CEBPpCEM;CEHP-CFBHTyCFBZ;CFEREnG
lRoCFI-CFMT.CFZ,CFZI.CN'CDEl-CDEZ.COEB.CTHCR.DEL.D:LAM.DcLS,DERR.DNEDG
2-DPVﬁQnDR8VﬂR'DRVARfOSTH|DUVARvE!EKuEkoELT.ELVUuEHUuEHV#R;EMX.EN|EEGG
3NGN9£N[&ERRQFC,FCCF;FCCFLG'FCF.FCFPR'FD,FDPR;FRRt,FRTHuGyGC'vaHoHEDG
4AH.HH&T,HP,HT.HVAR'HH.HZ-ICELL'II'INoJJ.JJL!H-JN.K.KK.KN.LLIM.NKWvEDG
SNN,NnpNXINT;PATMQPIVQR;PRvPRPQpRHaRBVARgRETqRETH:RHUU[okHOH;ROvRDPEUG
60RGVARQRGH,RRI:RRNlRRTVAR|RRX-RSERRoﬂSlSﬁVpRSLVAR:RX.SHEARvSP9SVAREDG
T9SHoSX-TA“;TEMP.TE”PIO.YENPllpTEMPlZlTEMPlﬁoTEHP&cTtNP39TEMP4|TEHpEDG
A5, TEMPH, TEMP T TEMPS, TEMPY , TEP, TEVAR ,TK,TPP, TRAN TTLL +TW e TX s WVAR, XIEDG

OGN XMIN, X2REX 2 L) ZMA X, ZMIN EDG
REAL 1INy JNoKN ENG
COMMON F(31,A13) ALPHET3 Y o XINTIO91 ,THT(99},2TABLIG) FABIN(GE]), TABINEDG

1(6)4DXLTAB(20) 2 NELK(Z1,RSLGI2P4ALGI2}+ENGI 2D AN2LTE EDG

COMMON FRXT{Z20) +FRXLGT(209FCXT( 200 ,FOALGT(20),FRTBL 200 ,FRLGT (20}, EDG
LFCTAI20) sFCLGT{20) o XWILOO) yFINSL 100} ,RSLWIL0D}.SHEER 1100)+%X1160Y,SEDG
20160 PTL160) pXCL160) RBILED) yWILEOY TRT{160) 4 XMAXTH |2u )}, DUDXTILLOEDG
3),DRDXTI 160 +DPDXTE{ 1603, DRBDXTI160Y ,VAR(2},DERL2) CUVARIZ) 4WSAVILGEDG
40) yRRTSAVIL60Y XSAVIL60) yRSLSAVI L1600 ,REXSAVIL60) ¢ ENSAVIL 6D}, CFSAVIEDG
51601« TKTABE30) 4 PRTABI21014 PATAB{ T} o XKWILEQ)s WKWL 160) sRSLKW(160) EDG

COMMON 1GAS EOG

COMMON 7BLOCKZ PLT1(160),PLY211601,PLT3L160)PLT4(L60G)PLTS5(160),PEDG
ILTGEI160) PLTTIL60D 4PLTBIL60) 4PLTI{L60),PLTLIO(160)4PLTLILILE0),PLTL2EDNG

201601 PLTLII L0 +PLTLG(RO60I,PLTLG{ 1600 NHHSAY EDG
IF (FRPOPT) 10,110 EDG

: EDG

FIND PRESSURE PIVAR LBSFAFT2 BOUNDARY LAYER EDGE AT EDG

X/L STATION EDG

IF ¥ OUTSIDE TARLE USE FINAL PRESSURE FROM TABLE EDG
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IF X INSIDE TABLE USE INTERPOLATED PRESSURE EDG

EDG
IF (CUVAR{LII-TXLT JLIMYY 3,3,2 EDG
PIVAR=TP [ JLIM) EDG
GO TO 4 EDG
EDG
P FROM TABLE X/L.P EDG
ENG
CALL DISCOT (CUVARTLIZCUVARC LY, FXLsTP,TP,011yJL1Ms0e PEVAR) EDG
EDG
INTERPOLATE FOR BDDY RADIUS £NG
RB/L FAOM TARLE X/L.RR/L ENG
EDG
CALL DISCOT (CUVARI1)«CUVARILIZX)RB,RBLOLL,JJLIM, UeR BVARY EDG
EDG

FIRST ITERATION INTERPOLATE FOR SHOCK RADIUS USING LAMINAR TARBLE EODG
ITFRATION AFTER FIRST INTERPOLATE FOR SHNCK RADIUS JSING PREVIONS EDG

ITERATION EDG

ENG

IF (TCELLY 6:5:6& ENG
EDG

RS/L FROM TABLE X/L.RS/L EnG
EDG

CALL DISCOT {CUVARITICUVARE I XW o RSLW,BSLW,ILlsLL1Ms0sRSLVAR) £DG
GO TO T FNG
CALL DISCOT {(CUVARI1V14CUVART 11 XKWoRSLEWLRSLKW.OLL ¢NKWsOoRSLVAR]) EDG
NG

FIND ENTROPY SVAR FT2/S5€EC2DEGR - EDG
IF SHOCK RADIUS DUTSIDE TABLE USE FINAL ENTROPY FROM TABLE EDG
IF SHOCK RADIUS INSIDE YARLE USE INTERPOLATED ENTRUPY NG
_ £DG

IF {RSLVAR=TYLS(XLIMA) 9,9,8 =06
SYAR=TSS{KLIM}Y EDNG
60 TO 10 DG
EDG

S FROM TABLE RS/L,S EDG
EDG

CALL 0ISCOT {RSLYAR,ASLVARsTYLSy TSS5eTSS 011 ,KLIM+O+5VAR) EDG
GX=1,4 ENG
ENG

DENSITY,SOUND SPEED,ENTHALPY,TEMPERATURE FROM REAL 3AS ENG
THERMODYNAMIC TARLES ENG

FIND DENSITY ROVAR SLUG/¥FT3 REAL GA4S THEKMONDYNAMIC EDG

100



[n Xl (e X Re] aEalel [aNeEaNeEale

[alalel

11

a0 OO

TABLES
FIND SOUND SPEED AVAR FT/SEC
FIND ENTHALPY HVAR FT2/5€EC2
FIND TEMPERATURE TIVAR DEGR

Hy Ay Ty RHO FROM RGAS USING P, S

CALL RGAS (PIVAR,ROVAR,AVAR, HVAR o TIVAR +SYAR RRXeGXe=145+ IGAS)
FIND PRESSURE ATM PATM AT™
PATM=PIVARX 4T 25F~23

FIND DENSITY RRTVAR LEM/FT3
RRTVAR=ROVAR®RA2 .1 T4

FIND VELDCITY WY AR FT/SEC
WYAR=SORTI{Z.*®(HT=-HVAR})

FIND MACH NO EMVAR

EMVAR=WVAR/AVAR

IF (IGAS=-1} 11,11,12
EMU=6,BBTE~T#SORT{TIVARI/ (1. +1B0./TIVARY}

G O 13

CONTTNUE

FIND VISCOSITY EMU
EMU=T.3L0LL5E~TESQRT(TIVARYI/ {1.+201.6/7IVAR)

CONTINUE
RET=(RRY VARXWVAR] /LEMU*12.)

FIND X INCH XIN INCH

XIN=CUVAR{Y }*EL

FIND wWALL TEMP ™ DEGR
TEMPERATURE
TWw FROM TABLE XINCH,TWDEGR

INPUT TABLE OF WALL

CALL DISCOT (XIN s XINGXINT o TWT  TWT 0L s NXINY 0,TW)

101

EDG
EDG
£0G
ENG
£06
ERG
EDG
EnG
EDG
£0G
EDG
£nG
EDG
EDG
ECG
EDG
EDG
EDG
EDG
EDG
£0G
EDG
ENG

EDG
£0G
EDG
€06
ENG
EDG
EDG
EDG
£06
EDG
EDG
EDG
EDG
EDG
EDG
EOG
EDG

EDG
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WALL DENSITY,SOUND SPEED,ENTHALPY,ENTROPY FROM REAL GAS

THERMOODYNAMIC TABLES
START WITH ESTIMATE FOR WALL ENTROPY

FIND NENSITY WALL ROU SLUG/FT3
TABLES
FIND ENTHALPY WALL HW FT2/5EC2

Hio AHsRHOR,SH FROM RGAS USING PyTW

CALL RGAST (PIVAR, R0, AH; Hity TWSH4ERR L TGAS)
FIND DENSTITY WALL  RHOW LBM/FT3
RHOW=ROW*32.174

COEFFICIENTS FDR FC FOUATION

FIND COEFF COEZ2 WHERE NR=,09 AND GAMMA=l.4%

FIND COEFF CDEL TW/YE

FIND COEFF caoel COEFF USED IN FL IN SPALDING CHI
THEOPRY

CNF2=,1TAXEMVARAEMYAR
COEl1=TW/TIVAR
COE3=1.+C0EZ2~-CNFE]

FIND REYNOLDS NO RETH REYNOLNS NO BASED ON MOMENTUM

THITCKNESS
RETH=RET®=CUVAR(2iI®EL
FIND ADR WALL TEWMP TAW

TAW= (PR*%,33333333)%(TT11~TIVAR) +TIVAR

FIND FRTHETA FRTH FRTYHETA [IN SPALDING CHI THEORY

FRTHsCOE 1%~ 1. 4T4 ) =1 TAM/TIVAR}I*% TT2
FIND VALUE TEMPB HY=HW
TEMP R =HT-H¥

FIND YALUE TEMPT usQ/2.

102

REAL GAS THERMODYNAMIC

ADTABATIC WALL TEMP

£06
E0G
EDG
EDG
EDG
EDG
EDG
EDG
EDG
EDG
EDRG
EDG
EDG
EDG
ENG
EDG
EDNG
EOG
£DG6
£D6
ENG
EDG
EDG
EDG
EDG
ENG
EDG
EDG
E0G
ENG
EDG
ENG
EDG
£NG

EQ 22EDG

EnG
EDG
ENG
EDG
EDG
EDG
EDG
EDG

129
130
131
132
133
134
135
136
137
138
139
140
L41
142
143
144
145
L46

147

148
169
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
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TEMP7=WVARKWYAR /2,

FIND ADBWALL ENTH HAW ADIARATIC WALL ENTHALPY
HAW=HVAR +. 89 *{HT=-HVAR)

ENTHALPY ECKERTS REFERENCE {EQL15)

HP = SR HWFHVAR ) ¢, 2 7% [HAW—HVAR]}

REFERENCE DENSETY,SOUND SPEED, TEMPERATURE ,ENTROPY FRUM REAL GAS

THERMOOYNAMIC
TARLES,START WITH ESTIMATE FOR REFERENCE ENTROPY
TP+ RHOP, AP,SP ER(OM RGAS USING P,HP

FIND REF Temp Tep NEGR REAL LAS THERMODYNAMIC

TABLES
CALL RGASH (PIVARROP.AP,HP, TPD, 5P ERR,IGAS)
FIND REF TEMP TK DEGK
TK=TPP/1.8

FIND REF PRANDTL PR TARLE IV REF,.30
NPRP FROM HANSENS TABLES USING PATM,TPDEGK

CALL NISCOT (TK,PATM,TKTAR,PRTAR,PATAB,011+2LJs T+PRP}

FIND wWALL TEMP TK NEGK
TK=TW/1.8
FIND WALL PRANDTL PRW TABLE IV REF.3D

NPRW FRDOM HANSENS TABLES USING PATM,TWDEGK
CALL DISCOT (TKyPATM,TKTAB,PRTAB,PATAB,0114210:7+PRA)

VANDRIEST TI
REYNOLDS ANALOGY FACTDOR (TABLE 1)

HYT=HW/HT
IF (HWT=,2) 14,1515
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EDG
EDG
ENG
EDG
EDG
EDG
EDG
EDG
ENG
£DG
EDG
EDG
EDG

EDG

ENG
EDG
EDG
EDG
EDG
EDG
EDG
EDG
E0G
EDG
EDG
EDG
EOG
EDG
€DG
EDG
EDG
EDG
EDG
EDG
EDG
EDG
EDG
EDG
£0G
EDG
EDG
EDG

172
173
174
175
176
177
174
179
189
181
182
183
184
185
186
187
188
139
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
i1
212
213
214



14

15

e OO0 e
-4

o 4]

A=Y O0
]

S0 Oaf

N
o

RAF=1.

GO 100 18

IF {HWT=-,565) 16416,17
BAF=,8311+4.96T7T5%HWT—o6142%HWTx%2
GO O 18

RAF=1.2

FIND BI Filb COEFF STATIC ENTH REG 1 BOUNDARY

LAYER
RY (EQL13}

CONTINUE
F(1i={(HAW=-HWI/TEMPBI®PRW /PR P%¥, 666566667

[F (FPOPT) 20341920

FIND VALUE TEMPY COS(THETACY/{RB/L)

TEMPO=CTHCR/RBVAR

FIND VALUE TEMP1S  COS(THETAC) FU2RB/L)
TEMP10=,5%TEMPY

FIND VALUE TEMP14  2COS{THETAC) Z(RB/L)
TEMPL4=2 ,«TEMPY

FIND VALUE TEMP12  2RB/FLSRHOTU/RHOI=UL
TEMP12=7 ., %RBVAR®RRTVAR*WVAR/RHOU T

RETURN

END

10h

ENG
EDG
EDG
EDG
EDG
EDG
EDG
EDG
ERG
EOG

EDG

215
216
217
218
219
220
221
222
223
224
225
226
221
228
229
230
231
232
233
234
235
2356
237
238
239
240
241
242
2413
244
245
246~



N

= W

At N o « IS O L

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

FOFY.~- Function subroutine FOFX computes integrals in the boundary layer

equations for conservation of mass and momentum.

called by VGAUSS for integratiom.

|FOFX|

Y

y/r

_ 1/X
u/ue - ((S/rn) (
n

Computes h (EQ. 10, 12)

EQ. 7)

Y

Call RGASH for p

Y

Computes integrals W.R.T.
yle /8/r
f6,f

BSIT’fl

This subroutine is

Computes f2, fh’ f5
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o

AYo N ¢ « BEE L R « NS LN |

10

12
13
1k
15
16
17
18
13
20
21
22
23
24
25

Ho Is x/rn = x2REX + .017T

N Is OUTPUT to be in SI Units?

Yes
i

Convert US to SI Units

Y

Write Output Through Boundary Layer
'y/rn/é/rn, u/ue, h, p/pe, pu/peue, B, ™, M

[

Ty
( RETURN )
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a2z XeRal

FUNCTION FOFX {V,F2) FOX

FOX
FUNCTION CALLED BY VGAUSS FOR INTEGRATION THROUGH BOUNDARY LAYER FOX
AR, BR,ALPHAR HAVE BEEN INPUT OR CALCULATED FOx
TN SUBRDUTINES EDRDGE AND AL3CAL FOX
N HAS BEEN INPUT DR CALCULATED IN SUBROUTINE DERSUB FOX

FOX
COMMON XLSHs XLSHL s THCR G JL EMy KLIMy TXLCL (4500 TYL{450) + TS (4500 ¢ TPI4ASFNX
L0Y s TXLL450) 4 TYLSLAS0),TSS(450) FOX
COMMON ENXGFPOPT, ALXoRAFs ALMINGCOPTSTHCR»T14T24L +XVD.PSI FOX
COMMON CMTOPT FOX

COMMON ALGNy ANsANZ s AP L AVAR yAWAX 4 CEB,CEBP s CEMsCEMPsLFBMT yCFR2 4,CFERENX
1R, CF[,CFMY,CF2,CF21,CN,COF1, COE2,COE3,CTHCR,,DEL » DELAMDELS»DERR,DNFOX
2+DPVAR,DRBVARyDRVAR 4 DSTH DUV AR JE 4 EK G ELyELT ELVU4EMU e EMVARSEMX s EN2EFOX
ANGN+ENI s FRR+FCFCCFE  FCCFLGyFCFFCFPRFDyFOPR yFREKEyFRTHe G2 GL s GX o H oy HF DX
GAWGHHAT s HP s HT g HVAR 4 HW o H2 y TCFLL 2 T T o TNy JJs JILI My INs KoK K KN LLIM, NKW, FOX
SNMNNONXINT+»PATM,PIVAR,PR;PRP, PRW, RRVAR , RET, RETHsRHOUI »RHOW,RO,ROPFOX
63 ROVARJROMRRTZRPANLRRTVAR RRX,RSERR4RSTISAV,RSLVARyRX ¢ SHEAR 4 SP,SVARFOX
ToeSW e Sy TAWTEMP 4 TEMPLOTEMPL L, TEMPLIZ,TEMP 14, TEMPZ2Z,TEMP 3, TEMPA , TEMPFQX
BSy TEMPS, TEMP T , TEMP B, TEMPO , TEPy TIVAR s TK 3 TPP o THANS TTLL « T TX+WVAR, XI FOX

INe XMINs X2ZREX + 24 ZMAX, ZHIN FOX
REAL IN, JN,KN Fox
COMMON FI334A(3)eALPHEIZ) XINTI99),TUT(99)+LTABLIOG), TABINI{G6) s TABINFOX

1061 DYLTAR{ZO0b,DELK{2),RSLGLZ) ,ALGI2Y,FNGL2) ,aN2IT) FOX

COMMON FRXT(20) 4 FRXLGT (20 0FCXTU 201, FOXLGTIZ0)oFRTEL 20) +FRLGT 2D}, FOX
IFCTR(20) »FCLGTL 20} o XW(LO0)} »FINSGTL00) ¢RSLWILOUI2SHEER (1001, X11601,5F0X
201601 ,PT {1600+ XCLL604RBILTOO s WILOO0)RRTIRI60)XMAXTREZ0) »OUDXT{160F0OX
3),0RNXT( 1601 +OPOXT{160).DRADXT (1601 yVAR(2)+DERIZ) . CHUVART 2}, WSAVILEFOX
40} RRYSAVILI60): XSAVI L1601 +RSLSAVILA0) LREXSAVI 160).ENSAVIL60)CFSAVI FOX
51601, TKTABL(30) ,PRTAB{210) ,PATABLT) s XKW1160) s nknl L60) +RSLKWITS0) =0x

COMMON TGAS FOxX
COMMON /BLEK/ CVI+CV24CVI o CVALCYS2CVECYT+LVB,CVYI L LVLID.LY11,LV12,CVFDX
113.UNIN,UNIO £0X

COMMON /BLDCK/ PLTYL{160PLY2UL60),PLTILL60)PLT 40160} .PLTSIL60).PFOX
1ILTH{L1600PLTTLLIE0),PLTBEL60) PLYI(L60),,PLTI0( 10U} PLTLL{160).PLT12FOX

201601 ,PLTL3(160.PLTL4(1601.PLTLIS(160) . NKWSAY FOX
DIMENSION F2L{T) FOX
FNX

COMPUTE INTEGRALS WRT, Y/DELTA FOR BOUNDARY LAYER THICKNESS, FOX
DISPLACEMENT FDOX
THICKNES S SHOCK PADIUS EQUATIONS, GAUSSTAN QUADRATURE FOX

QLT FOX
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CONZ=VEXTEMP3
IF {CONZ=.01} 2,1.1
IF (CON2-.10) 3,44

K=2
GO TO %

A=TI1T
K=13

Fo{1a}

MHAT=A(K ) #F{K)#CON2##ALPHE (K )

FOM12)

H=HW+TEMPREHHAT~-TEMP T#CON2%CONZ
RHO FROM REAL GAS USING H AND ¢

CALL RGASH (PIVARRX ANsHy TX+SX+ERR,IGAS)

QRI=RX/ROVAR
INTEGRAL 6434741
FZ{&6)=RR T*CON2
F213i=1.-F216)
F2(T)=F2{631xCON2
Flili=F2{a)~-F207}
IS FLAT PLATE

IF (FPOPT)Y 6,746
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FOxX
FOX
=OX
FOX
FOx
Fox
FOX
FOx
Fox
FOX
FOx
FOX
F0X
Fox
FOX
FOxX
FOX
FOX
FOX
FOoxX
FOX
FOX
FOX
FOX
FOX
FOX
FOx
Fox
FOX
1}
F0X
FOX
FOX
FOX
FOx
FOxX
FOox
Fox
FOX
Fox
Fox
FOoX
£0x



S a ks

R EaNakel

DO OM

o
o

11
12

13
L4

INTEGRAL 2.4,5=0 FOX
FOX

F2(21=F2(4)=F2(5)=0 FOX
GO 111 8 £OX
FOX

INTEGRAL 244,45 FOX
FOX

TEMPZ2=V*TEMPY FOxX
F2{21=F216)*TEMP?2 FOX
F2{4)=F2(3)}*TEMP2 . FOX
F215)=F2(1}%TYEMP2 FOX
£0X

IS X/L=X2REX+.01 FOX
FOX

IF (ABS{ELY-CUVAR{1)}=.0001) 9,9,12 FX
FOX

WRITE OUTPUT THROUGH BOUNDARY LAYER FOxX
Y/DEL LU/UEHy RHO/RHOE s RHOU/RHOEUE JHHAT . T o M F0x
FOX

EMX=CON22WVAR/AX FOX
WRITE (6414} FOx
IF {UNTO=-1.) 10+10,11 : FOX
N89=H%CVS FNX
090=Tx*Cva : FOX
WRITE (6,130 V,CON2+0BFRRILF216) yHHAT,090,FMX FOX
G TN 12 FOX
WRITE 16413) V,CON2eH,RRT +F2{6])y HHAT , TX, EMX FOX
RETUQN FQOX
FOX

FOX

FOX

FORMAT {9E16.%) FOX
FORMAT [1H 5Xy3HY /D 13Xy 4HUZUES 1 3Xs IHH 12X+ BHRHU/RHIE S 6X ¢ 1 IHRHOU/RFOX
1THOEUE yFX 3 4HHBAR p 13X LHT, 15X, LHM) FOX
END Fox
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1 FOFZ.- Function subroutine FOFZ computes the ideal gas Fc function to

2

O x (o, NN LN

10

12

13
1L

15
16

17
18

19

21
22
23
2k
25

correlate the skin-friction data. This subroutine is called by VGAUSS

for integration.

IFOFZ'

Y

Computes the integral Fc through
the boundary leyer (EQ. 22)

110

NASA-Langley Form 22 (Apr 69)



DAatan

FUNCTION FOFZ (V,FZ) FO?

FO2?
FUNCTION CALLFD BY VGAUSS FNR INTEGRATION THROUGH BOUNDARY LAYER ¥0Z
FOR SPALDING-CHI T SKIN FRICTION FOZ
FIND INTEGRAL WRY. U/UE FOR EQ(22} FOz

FOz
COMMON XLSHeXLSHL s THCR e JL IMy KL IMy TXLCL (4500, TYL{450) +TS(450), TP{45F07
10V, TXLI450),TYLS1450),T7551450) FOZ
COMMON ENX+FPOPT, ALXSRAFy ALMINGCOPTSTHCRTLsTZ4L o XVU,P5! 0z
COMMON CMTOPT FOZ

COMMON ALGNs ANsANZ, AP AVAR AW AX +CERLCEBP CEMCEMP Z FBMT 4CFRZ ,CFERFOZ
LRsCFUCFMTLCF2,4,CF214CNWCOEL, COE2 ,COE3,CTHCR, DEL, DELAM,DELS,DERR, DNFOZ
2+DPVAR, DRAVARsDRVARsDSTH DUVAR oF s EKGEL yELT 4 ELVO4EMU, EMVARLEMX 4 EN, EFD7
BNGNLENI W ERRyFC 4y FOCCF, FCCFLG FCF oFCFPR,,FDNFOPR ,FRREJFRTHs G2 G0 G X2 He HFOZ
LHAWyHHATy HP yHT s HVAR gy HW o HZ2 y ICFLL 4 I T o INg Jhe FILT Ma SN e KoK Ko KNgLLI M NKW,FDZ
SNNyNDUNXTNT,PATM, PIVAR, PR, PRP,PRWRBVAR,RETyRETHkHO ULy KHOW, RO, ROPFOZ?
6+ ROVAR,ROWsRRIyRENRRTVAR ;RR X, RSFRR . RSISAV,RSLVARK+RX ¢ SHEAR 4 SP,SVARFOZ
TeSHISXe TAWSTEMP y TEMPIO s TEMPL 1, TEMPLI2, TEMP 14, TEMP 2 ,TEMP 3, TEMP &, TEMPFDZ
A TEMPL s TEMP T, TEMPB TEMPQ, TEP, TIVAR (TK s TPP+ TRANS TTLL o T TX4WV AR, XTI FOZ

AN XMIN, X2REX 2y ZMAX, IMIN FOIL
REAL I[Ny JNJKN FOZ
COMMON F{3),A13),ALPHE(3 Y ,XINT(SQ),TWT(99),ZTABLI6), TABIN(6) ,TAB JINFOT

LUGYDXLTAR{ 200 4DELKE2) 4RSLGT 2} +ALGI 2V 4ENGI(2) +ANZIT) FOZ

COMMON FRXT(20), FRXLGT (201, FCXT{ 20V FCXLGT(20) e FRTB{ 2ud +FRLGTL20),FO?
1FCTRI200 FCLGT1 201 XW{ 1001 4FINSIL100) (RSLWI100}.SHEER (L1001 X(160),SFO7
201601,PT(160)+XCI160)4RBILEDOI+WI160)PRTLL60),XMAXTE (20) «DUNXTL 160F07
31,DRDOXTL 160N DPOXTI160},DRBOXTI160) 2 VARI2),DER(2Y yCUVAR(2) WSAVTL6FOT
40} RRTSAVI1I60 . XSAVIL604RSLSAVILISH0) REXSAVI LOOI sENSAVI LH0) CFSAVIFOZ
51601 TKTABI30)PRTAB{210)PATARI 7Y XKWI160) WKW IL160) RSLKWIL160) F0?

COMMON /BLOCK/ PLTLUL60M.PLT2(160)4PLT3{160),PLT4L160),PLT5(160),PFDL
LLYA(1604 4PLT7{1601,PLTR{160),PLTSL160),PLTIO0LL600,PLTLIL{160),PLT12FO2

2U1600PLTL3{160)4PLTLA(160)sPLTISL160) 4NKWSAY FOz
PRN=1./(COEL+{COE3-COE2*V )=V} FOZ
FI=SORT{RaN} Faz
RETUAN Foz
END k01
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1l FOFZA.- Function subroutine FOFZA computes the real gas Fc function to

2 correlste the skin-friction data. This subroutine is called by

> VCAUSS for integration.

4 FOFZA

5 i

¢ Computes h (EQ. 12)|

Y
7 Call RGASH
for p
8
y

9 Computes the integral FC
10 through the boundary layer (EQ. 21)
11 4

‘ RETURN )

12
13

1L
15

16

17
18
19

20

21

a2
23

2k

25
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Py p=

FUNCTION FOFZA [V .F?) FZA

FZA
FUNCTION CALLFED 8Y VGAUSS FOR INTEGRATION THROUGH BUUNDARY LAYER FIA
FOR SPALDING~-CHYI I! SKIN FRICTIDN FIA
FIND INTEGRAL WRT.,U/UE F0OR EQLZ21) FIA

FIA
COMMON XLSHe XLSHL s THCRy 2t IMy Ki IM  TXLCL{4SO) o TYL 45U} +T5(45G), TPL45FZA
100 o TXLLAS0), TYLS1450),TES51450) FIA
COMMON ENX+FPOPT, ALXoRAF, ALMINL,COPT 4 STHCR o T T2 Lo XV(Q,PSIT FIA
COMMON CMTOPT FZA

COMMON ALGNs AN ANTZ s AP+ AVAR AW AX yCERyCEBP 4CEMJLEMP  FBMT sCFR24CFERFTA
1RyCFICFMTZCF2,CF2T1,CNyCOEL.COEZ2 »COE2 ,CTHCR,DEL+DELAM,DELS,DERR , DNFZA
2+DPVAR, DRBYAR (DRVAR yDSTHa DUV AR 4E 4 EK G EL+ELToELYOacMUs EMVARJEMX 4 ENLEFTA
BINGN+ENI ERRyFC o FOCCFoFCCFLGFCFFCFPR,FDFDPRHFRRESFRTH GoGC o GXo H HFIA
GAW HHAT y HP y HT s HVAR 4 HWy H2 o TCELL s VE 4 YN J e JILT My NG KoK Ko KNoLLIMNKW,FZA
SNN NOoNXINT , PATM, PIVAR,PR,PRP,PRW RBVARRET,RETHe RHIUL + RHOW, RO, ROPF A
6+sROVARROW,RRIRRN,RRTVAR sRRX, RS5CRRRSFSAVRSLVAR«RX ¢ SHEARLSP+SVARFZA
T o SH e S TAWSTEMP JTEMPLOGTEMPL L, TEMPLZ, TEMP LS4, TEMP2,TEMP3,TEMP 4, TEMPETA
BE, TEMPG e TEMP T TEMP R s TEMPO s TEP s TIVAR TR TP, TRANy TTLL 4T TX o WVAR,XIFZA

GNy XMINy X2REXs Zy ZMAXy IMIN FZA
REAL TN, JN,KN FZA
COMMON F{3),A(3 )y ALPHEL3) +XINT{99),TWTI99),Z2TABLE6) TABINI6) . TAB INFZA

106)+DXLTABIZO1 o DELKIZ ) +RSLGE 2P 2ALGI 2 ENGI2E,ANZLT) Fia

COMMON FRXT{20} ¢ FRXLGY(20),FCXT(20) 4 FCXLGTI200sFRTBIL 200 +FRLGT{2]),F2A
LFCTRI20) WFOLGY120) ¢ XWIL00}»FINGI100) yRESLW{L00D»SHEER(LQ0Y,X{2601,5F7A
201604 PICLO0Y o XCULOCIRBELO6O N2 Wl L60YW\RATIL60) XMAXTB (20} OUDXTILG60FIA
2} 4DADXTL160) 2 DPDOXT (1603 ,DRBDKT (1603 ,VAR{2)yDER{2),CUVARIZI,WSAVILEFZA
40, RATSAVILE0) « XSAVI 160} RSLSAVI 160D 4REXSAVI160) +ENSAVILIG0Y,CFSAVIFZA
G160V +TKTAR(30) (PRTARB(21I0I,PATAB{ TI o XKW{LOO b yWKn( 160D yRELKWILH0Y} FIa

COMMDN JGAS FIA

COMMON /BLOCK/ PLT1I(1601,PLT2(160),PLT3(160)PLT4L160),PLTSL1601,PFIA
ILTALI60) +PLTT(L601.PLYB(L60) .PLTI1160).PLTYLO{1600.PLTLILIL160}),PLTIZFZA

21160 :PLTLI3(160)PLTILGIIGD)PLYISI1ED) NKWSAY FIA
CONZ=V FIA

Fi4

OLLE.U/UE.LT,..O1l R=T FZA

«0l.LE.U/UE.LES.] R=1T ) FIA

U/UE.GT.al R=111 FIA

FZa

IF {CONZ2-.0L1) 2,11 F1a

IF (CONZ2=-510) 3.%.4 FI4

K=}l F74
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[ale Nl

GO TO 5

K=2

GO YO S5

K=3

EQLL0)

HHAT= Al K} +F{ K} *CON2%*ALPHEIK )
EQr12)

HeHW+ TEMPBXHHAT-TEMPTRLONZ*CONZ
RHO FROM REAL GAS USING H AND P
CALL RGASH (PIVAR AXAX:H:TX ,SX, ERR, IGAS
RRI=RX/ROVAR

FI=S0RTI{RR])

RETURN
£ND
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10

12
13
1k
15
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2l
25

INPN2.- Subroutine INPN2 reads NAMELIST $N2 if CARD = 1. is input. Given
cone angle, shock angle, constant pressure and entropy this subroutine

' k.
computes tables of x/rn, rb/rn, 5, p on body and rs/rn, 5 on shoc

INPN2

Read NAMELIST $B2
Ax/rn: Ps s, B

5

No

1Yes

| Convert input to US Units]

¥

Set up table of body points xCL/rn’ rb/rn, S, T, x/rn at

A x/rn increments to end of body
Set up table of shock points rs/rn, s

Save Count of Number of Body and Shock points in tables

‘RETURN)
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SURARNUTINE INPN2 ) NP

INP

IF INPUT NOT ON TAPE,.PRESSURE AND ENTROPY CONSTANT,SHUOCK ANGLE NP
GIVEN NP

SETS P TABLES AT X CENTERLINE INCREMENT,COMPUTES X CENTERLINME, NP
¥ CONE, Y SHOCK INP

INP

COMMON XLSHy XLSHL » THCR, ML IMe KLIM, TXLCL{450)TYLI450) +TS1450) , TP L4SINP
100 TXL14508.TYLSE450),T55(450) NP
COMMDN ENXoFPOPT  ALX sRAF  ALMINGCOPT ,STHCR ¢ T 3 T2, L XV ULPST NP
COMMON CMTOPT NP

COMMON ALGN AN ANZ AP AVAR AW AX cCER+CERPPCEM,CEMP L FBMT 4CFB24,CFER INP
IRACFIGCFMTyCF2,CF2 o CNe COELy COE2CNEILCTHCR s DELo DELAMSDEL S+DERRDNINP
2yDEVARSDRBVAR yDRVAR JOSTH DUVAR GE EK EL)ELT o ELVQ) EMUr EMV AR, EMX, EN,E INP
ANGNyENT s FRR 4 FCsFOCF 4+ FUCFLG 4FCF 4 FCFPR, FDy FDOPR 4 FRKE ¢ FR TH2l ¢ GCoa GXyHe HENP
4AN sHHAT b HP yHT oHVAR p MW yH2 s TCELL o TT o INp JI o JIL TMp UNS Ky KKp KN, LLIM 4 NKW, TNP
SNNs NOGNXINT,PATM,PIVAR,PR,PRP,PRWsRBVARJRET,RETHs RHU UL y kHOW,R O, ROP I NP
6+R0VARyROWsRRI+RPRN,RRTVARyRRX,RSERR RS ISAVIRSLVAR ¢RX s SHEAR,SP s SVAR IND
ToSHWeSXe TAWG TEMP . TEMP LD, TEMPL I TEMPL2  TEMP L&, TeMP 2 TEMP3 o TEMPL  TEMP I NP
B85, TEMPG s TEMPT 4 TEMPS , YEMPO 4 TEP, TIVAR TRy TPP o TRAN TTLL s TW o TXWVAR, XT TNP

N XMIN, XPREX, 24 IMAXLZMIN NP
REAL IN» JNyKN INP
COMMON FIU3Y,A13) . ALPHE(3) 4 XINTI99) ,TWT(99),2TABL(6), TABINIS), TABININP

1t6 DXLTARBI20) +DELKI2V,RSLG{ 2} ALGI2Y»ENGI2YAN( T INP

COMMON FRXTI20) +FRXLGTEZ20F.FOXTL 20V FOXLGTL{20)FRTBE 204 ,FRLGY 201}, INP
IFCTRL200 FCLGTI2D) e XWI100},FINGTLOOE »RSLWELDO) o SHEER (100}, XE160)5TINP
29160),PT11600,XC{1600,RA(LEDL W LE00RRTIL60} XMAXTBL20) sDUDXTL{L60INP
214DRDUT( 160 DPOXTILO0 I+ DRANDXT{1600  VART 20 +DEREZ2) «LUVAR( 2} yWSAVITIGTINP
40, RRTSAVI 160 s XSAVILa0t (RSLSAVILA0L ,REXSAVILA0I LENSAVI LGOI CFSAVIINP
5160 TKTAR{30 ), PRTABIZIO) s PATABE T )y XKKIL160b s wKul 1603 sRSLKWI160} TNP

COMMON ZBLKYZ CV1 CV2,CVA,CV4CVS,CVEoCVT CVE,CVICVLOsCVI1LVLIZ,CVTINP
113, UNTN, UNIO I NP

COMMON /RLOCK/ PLTLIYO60Y cPLTZ2{160),PLTI{1601,PLT4(160},PLTSL160),PINP
ILTH(LA00 :PLTTILI60)PLTBIL160L+PLTO(160)PLTI0(160PLTLI1{160),PLTLIZINP

211600 4PLTI3{1B0) o PLT141160)+PLTISI160) NKWSAY NP
NAMEL IST /M2/ DELTX. TP TS, THSD INp

NP

PEAD NAMELIST/NZ/ NP

DX+ P, S THETAS{DEG) INP

iNP

REATY {54 N2} INP

IF (EMDFILE &) 1.2 . [NP
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CALL EXTT

WRITE [(64N2)

IF (UNIN=-1.) 3,3,4
TP=TP/CV10
T5=TS/CV4
THSN=THSD/CV9
TALCLC(L) =0
T5S8{L1=TSI(1)
THSR=THSD®_,01 745329
TYLtl1)=0
TYLS(1)}=0
TXL{1¥=0

SET UP TABLE OF BODY PTS X/ CL.RAB/L.S,P,X/L

AT DX INCREMENTS TO END NOF BOOY

SEYT UP TABLE OF SHOCK PTS RS/L.S

SAVE COUNY OF NO, OF BODY AND SHOCK PTS IN TABLES

Ng 8 J=2,45)
TXLCLIJ ) =TXLCL{J=~L)+DELTX

BODY RADIUS
TYLUSI=TAN( THCR I®TXLEL (S}
SHOCK RADIUS

TYLST I =TAN{THSRI®TXLCLIY)
TP{JI=TP(J)~1}

TS(I=TS (1)
TSSE41=TS( )

X/

XL.=TXLCL{J)=T2

IF (XL} 54546

TEXL{ J)ImACOS[].~TXLCL{JY)

GO 107

TXL (== T1+XL/CTHCR

[F (TXLCLIJI=-XMAXTB{20)) B.8,9
CONT INUE

JUIM=Y

KL IM=

17

INP
INP
INe
INP
INp
INP
NP

INP

INP
INP
InP
IND
INP
INe
INP
INP
INP
INP
INP
ENp
NP
NP
INP
INP
NP
INP
NP
INR
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP

INP
INP



RE TURN ' NP 86
END INP  B7-
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1 RFCAL.- Subroutine RFCAL computes Reynolds analogy factor for VanDriest

2 skin-friction theory.

IRFCALI

Y

Computes RAF from Table I

r
( RETUEN )

O o = (o AN | + A

10

12
13
14
15
16
17
18
19
20
2
22
23
ol

25
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SURROUT INE RFCAL (RAFX} REC

COMPUTES REYNOLDS ANALOGY FACYOR FOR RFL

VAN DRIEST SKIN FRICTION RFC
COMMON XLSH, XL SHI c THCR JLIM, KLIH;TXLCL#%SOD TYLI4500 »T51450%, TP{45RFC
101, TXLI&50), TYLS(4500,755{450) RFC
COMMOM ENX,FPOPT, ALY sRAF s ALMINSCOPT ¢STHCR e T1,T2sLo AV OsP5 1T RFC
COMMON CMTOPT RFC

COMMON ALGNy AN,ANZ 2 AP ¢ AVAR AW AX ,CEB,CEBP 4CEM,CEMP,C FBMT ,CFB2,CFERRFC
18, CFI.CFHT;CFZ;FFZIvCNeCDEiurOEZ:COEB-CTHCRoDELyDELﬁMcDELS DERRy DNRFC
7 JNPVAR, DRBVAR ; DRV AR DSTH)DUVAR pE ¢ EK S EL»ELT y ELVO, EMUs EMV AR, EMX, ENLERFC
IMNGN, EN!wERRoFCyFCCF,FCCFLG,FCFgFCFPRuFDvFDPRqFRRE-FRTHquGCeGXvaHRFC
GAHHHAT p HP s HT yHVAR o HWoe H2 o TCELL o T 1o INg 305 JILTMp SN KoK Ko KNoLLIM . NKW,RFC

SNNaNDwMX!NT.P&TMpPIVAR,PRpPRP.PRH.RBV&R.RET,REFH.RHDULgRHOH'RUgRDPRFC

6 yROVAR,RON ¢ RRI o RRM, RETVAR (AR X RSERR,RSESAV,ROLYAR ¢RX s SHEAR SP, SVARRFC
TeSHsSXy TANS TEMP o TEMP LD, TEMPLL, TEMP1 2, TEMP L4y TEMP2Z 4 TEMP 3 TEMP &, TEMPRFC
BS,TEMPG o TEMPT 4 TEMPE . TEMPO , TE P, TIVAR TK,TPP, TRAMTTLL o Tt o TXpWVAR 4y XIRFC

ONy XMINg X2REX e Fo ZMAX . ZMIN RFC
REAL TNy JNyKN : QEC
COMMON F(EDoﬁ%BBeﬁLPHE(BI.xtmTi??b,THTﬂQQB ZVABLIG) « TABINIG) o TAB JNRFC
1463 DXLTABI{Z0) «+NELK {21 RSLGE2Y eALGIZ)  ENGI2)4ANZLIT) RFC

COMMDN FRXT(ZOBgFRXLGTIZO!’FCXYI205.FC!LG?!205.FRIBI20).FRLGT!20),RFC
1FCTR{200FCLGT(208 o XW{LODD »F INS( LOQY s RSLWELO0) ¢ SHEER (R QG4 X{ 1600 SRFC
20160).PTI160),XCi 1500 RA[A60D ,WI1603 ,RRY{1E0),XMAXTB (20} DUDXTI160RFC
3),ORDXT(160.NPDXT (1603, 0PBOXTILIE0Y VARI2) 4DERI2) ,CUVAREZY +WSAVL LORFL
403 RRTSAVILE0) »XSAVI 160D ,RSLSAVIL60)} ;REXSAVILE0} s ENS AVIL60)CFSAVIRFC
51600, TKTABL30) +PRTABIZI01+PATABIT I XKHIL60%o WKW 160D -RSLKW( 160} 4 IGRFC

5A5 RFC
COMMON XX3 R¥LC
COMMON ACFT{22) ,TREXT(22) o ACFLGY122 ), TRLGTE22) o REXCF o HO) XO RFC
HET=HW/HT RFC
IF {HHT=,20 1,242 ' RFC
RAFX=1. RFC
GO Tn S RFC
EF (HHT=.,65]) 3:.3+4 RFC
RAFX=o8311¢a GET5H HWT— 06142 #FHWT %%2 RFC
GO TO 5 ’RFC
RAFYX=1.2 RFC
RETURN RFC
END RFL
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O @ - NS W N



1 RFCALl.- Subroutine RFCALl computes Reynolds analogy factor for Spalding-

2 Chi and Eckert's skin-friction theories.
2

!L‘ RFCALL

Pl r

6 o = 1 )33

12

13
b
15
16

17
18

19

21

22

23
2k

2>
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SUBRDUTINE RFCALYI [RAFX) RF1

COMPUTES REYNOLDS AMALOGY FACTOR FOR RF1

SPALDING CHI AMD ECKERT SKIN FRICTION RF1
CNMMnN XLSHoXLSHloTHCpoJLIHvKL!HQTXLCL(450’.TYL‘450)v!S(450.oTP(45RFl
101, TXLI450)s TYLS(450Y,T55(4501) : RF1
chHON‘ENX!FPODT!ALXuRnFlALMINUCOPTlSTHcR!Tl’TZlL'XVUCPS' RF1
TOMMON CMTOPT RFE1

COMMOYy ALGN;AN;ANZrApg&V&R.hNoh!pCEB'CEBP'CEM;CEHPoCFBHT1CFBZ|CFERRF1
l?vCFTvCFMTvCFZuCFZIqCNQCUEl'COEZ-CUF31CTHCRoDELtDtLAM.QELSuDERR0DNRF1
ZoDDVﬁRoDRBVﬁﬂgDRVﬁQQDSTHpOUVAPpEoEK;FL;ELT.ELVOtEMUiEMVﬁR-EMX'EN¢ERFl
3NGN;FNIvEQP;FC,FCCFCFCCFLGQFCF.FCFPRqFﬂvFDpRoFRREoFﬂTH,G'GC'Gx'HpHQFl
QAWpHHATvHPoHToHVARpHHpH?lICFLLOIIolNuJJaJJL(H-JNUKtKKnKN.LLIN,NKﬂ.RFl
ENN.NDvNX!NTQpATMqP[VﬂR.PRqPRpqPPH;RBVARQRET;HETH,KHDUEgﬁHUWyRU-RDPRFI
b'QﬂVAR.RGHoRRI'PPN.RRTVARuPPXp“SEQR.RS[SAV.RSLVARaRKcSHEAR.SP.SVﬂQRFl
7-SH;SXvTAH.TEMPQTE”DIQvTEHPl1’TEM9129TEMP14:TEMPZaTEHPioTEMPQrTEMPRFl
85|TEMP6,TEMPT'TEMPBsTEMpqpTEPnT!VARITKITPPITR&N‘TIIXprﬂlTerVARlXIRFl

GNe XMT M X2REX 2o IMAY, IMIN RFL
SEAL TN, IN.KN RE]
COMMOY F(350&135-ALDHEEBB-xlNT(99|oTHT(Qq!vZTﬁBle'ofﬁBINl&lgTABJNRFl

L6 KL TARC20) s OFLK L 21, RSLGI 2 JALGI2) yENGI 2} o ANZI 7) RF1

CIIMMON FRXTI20) 4 FRULGT(20V,FOXTI 20) +FCXLGY{20)FRTBE 200 ¢FRLGT120),RF1
lFCTBtZO?pFCLGT(?Ol.XN(iOO)pF!Nb(IODI-RSLH(lOJiaSHEEK(LOJ!-X!léO!;SRFI
?[160!.9!!160]1!6(lbO!aRHllbO]sHi1&0!pRRT!lﬁﬂloKMAxTBlZO#gﬁUDKT(lbORFl
31.DPDXT{lﬁoioDPDKTI1605.0980XT11609pVQR(29antRCZS'CUVARIEDcﬂSAV(lbﬂFl
401nR“TSAV(lbﬂlaxﬁﬂvtIGOBoRSLSAV!IOOI'REXSAV!IGOI-ENSAV(IGOB-CFSAV(RF[
51601qTKTﬂB(BO),PPTABIZlO).DATAB(7!;XKH!l&OleﬁKHllbOﬂwRSLKH(léOﬁaIGRFI

645 R¥1
COMMON XX1 ¥l
CMMON ACFlezl.TRE!TlZZIpACFLGT(ZZ?.YRLGTIZE}.REXCFuHD.XO RF1
RPAFX=1./PRP2%* 66666667 oF1
RETILEN RF1
END RF1

12z
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RGAS.- Subrcutine RGAS computes the thermodynamic properties for a real gas.

The flow properties Por Py T, 8, he’ and a, for a real gas in ther-

e e

modynamic equilibrium are calculsted by the computer subroutine (RGAS)
described Ey lomax and Inouye in reference 27.- The subroutine RGAS requires
use of the Ames real gas TAPELO containing information for nitrogen on:file
1 (IGAS=1l) and information for air on file 2 (IGAS=2). Subroutine ROLL and
SERCH are used by subroutine RGAS to locate the information on TAPELO.
During the calculation, thermodynamic data at a point are found by entéring
the RGAS subroutine with pressure and entropy. For calculation of density
profiles through the boundary layer, subroutines RGASH and RGAST are used
to allow thermodynamic data to be found for a given enthalpy (or temperature)
and pressure. The procedure in this case is to enter the RGAS subroutine
with various estimated values of entropy and the locel pressure until the
value of entropy is found that yields the desired value of enthalpy (or

temperature).

123
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PN

M0 1y G

10

12
13
1%
15
16
17
18
19
20
21
22
23
2L
25

RGAS

i

Locate file on tape 10 for gas
Read binary tape 10

f

Compute p, a,

h, T given p, 8

y
( RETURN )

NASA-Langley Form 22 (Apr 69)
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OO OO0 OO0O N0

[o RS IR I N )

Y

SURROUTINE RGAS (PXeRXeAXeHX s TXo SX4RRX9GXy NTEST o NUMX 4NGAS) RGS

RGS

AMES PROGRAM FOR REAL GAS EQUILIBRIUM THFERMODYNAMIC PROPERTIES RGS
AMES TAPE MOUNTED ON UNIT 10 RGS
pY PRESSURE LBS/FT2 RGS
RX NENSITY SLUGS/FT?2 RGS
aAx SPEED OF SOUND FT/SEC RGS

HY ENTHALPY FT2/5EC2 RGS
TX TEMPERATURE DEGR RGS
SX ENTROPY FT2/SEC2 DEGR RGS

ARX GAS CONSTANT FT2/SEC?2 DEGR RGS
6X RATID OF SPECIFIC HEATS RGS
NTEST =1 FOR REAL GAS.=0 FOR PERFECT GAS RGS
NUMX =5 F0OR PRESSURE AND ENTROPY [INPUT RGS
NGAS =2 FOR AIR ON FILE 2 NDF AMES TAPF 10 ?6GS
’GS

AMES SURROUTINE TO FIND RHO,A+H.T WHEN P AND 5 GIVEN RGS

CALLS TAPEIOQ AMES REAL GAS TAPE (FILE2 1S AIR) RGS
USES SURROUTINES R0LL AND SERCH TO LOCATE ON TAPE DESIKED GAS DATARGS
RGASD WALKER TEMP CONVERTED TO RANKINE RGS

DIMENSION NLLC(SR), JXX(8), DZZ218), YZ130001, NDIZ(89} RGS
DIMENSION TH(S5.,600), NDL (4o210, NDU{4,11%s AN(&}, C{ 7)o ANR{17}, BRGS

INU4G) RGS
SOUIVALENCE [TZ.THY, (NDZNDL), (NDZ(4&5).NDU) RGS

NATA KEYL.NTIMES/0,0/ RGS
DATA WOREL1.WODRDZ/6HNUM HI,6HNUM LD/ RGS

DATA NTAPE/L1D/ gGS

NATA GTEST/O/ RGS

NATA GTESTR/O/ aGs

KEY=KEYe] RGS
pP=pX RGS

S=5 RGS

R=AYX RGS

AWM =N UM X RGS

IF (NUM} Be6s2 RGS

IF {NUM~8)} T,7+3 RGS

WNR D= KOR DT aGs

WiTE {6,108) WORD RGS

CALL EXIT aGs

WORD=WORD? RGS

6N T 4 RGS

IF (NTESTI %2,19,99 RGS

125
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g EeKel

i1

r2

13

14
15

I[F (NFIRST=NGAS) 9+12,9
NFIRST=NGAS

IND=0

NFILES=NGAS~1

CALL ROLL {NTAPE.NFILES,INDI

FOR TAPE WRITTEN AY FORTRAN 2

READ (NTAPE) (NDZ(N)},N=1,B9)
N0 10 N=1,89
NDZINI=NDZIN}/(2%%18)
NMM=NOZ{ 89)/ (2%%11)

READ (NTAPE) {(TZUIN)  N=1,NMM) WTMIX, (CIN}yN=1,7}

REWIND NTAPE

CALL EVICT {6LTAPELO?

DO 1t M=1,88

NDZ{N)=5#*NDZ {N)

CONC=WTMIX/28,966

PN=2116.

RO= . 0024 98%CONC

RRR=1T716./CONC

RREX=RAR

RTO=RRR=4G3,635
SOPORQ=SORT{R(/PO?}

B=T7(NMM=2)

FxTZUINMM=1}

D=TZ{N4M}

FM=2,1632¢.34608%CNNC

AA=DEFM

RRzEXFM+].

CCC=ReFM

P=ALOGLOIR/PO)

GO TN (22022:22:22+12+¢3,3,.3)4 NUN
REAL=S/RRR
GG=IREAL=CILI-CUZ2 2P )/ LCI3I+PE{CI4)4PEC{5)))
P=C{61%GGECI{TI*P

RL=P~8

CC=CCC=P

RHe=CCR({ L. +AA%CC/IRREBRI ) /RA¢, 005
I5 (H+T.) 14,15, 15

RH“‘T.

TF (R=0H) 1617417

RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
BGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS



16
18
19

20
21

22

23
24
25
26

21
28

29
30
31

32

33

34
35

R=pH

IF (3.~&L) 18,19,19

RL =13,

1F {RL=R}) 20,21.:21

R=RL

NUMB=D

NIwX=0

NUMM=5%

NRADT=09=-RUM

NHP=NBOT

GO TN 213

R=ALOGID{R/RD)

NUMM=5

NAQT=1

NUP =N{M

CONTINUE

IF (R} 24,24:26

NR=R-1,

IFf INR+7) 25,2%,28

NR==T

G0 ™ 28

NR=R

TF {NR=3} 28,27.27

NR =2

NDX=R=FLOAT{NR}

NR=NR +R
F2(P-P=B)/(1.+R2{E+D*R))
[F (NUMM~QsNUM) 31,229,131
IF (F=,000001) 105,;30.,30
[F (FM=F } B3,31,31

DO 42 NY=NBOT,NUP

TF (N1=-NUMM) 32,411,322
NER 1=N1

NER?=N]1+ 4

NL=NDLINL1,NR)

IF (NLLINERL)-NL} 35,33,35
I= XX (NERLY
DHFF2=F=TH{S. J)

IF (NIFF2) 35,34, 34

IF (NZZ(NERLI-ABS{DIFFZI}I 35.35+36
NU=NOUCNL+NR Y

CALL SERCH [F,THiNLsNU,S¢ JeNERD
I=1/5

127

RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
G5
RGS
RGS
RGS
RGS
/G5
RGS
RGS
RGS
RGS
RGS
RGS
PGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS



36

37

38
39

40

41
47

43
44
45
46
&7

48
49

50

51

52

53
34

DI7INERLI)=ABSITH{S s J+1)=-TH(5, )}
JEAINERY V=S

MUL INERT)=NL

XYZI=XY¥YZ

NL=NDLINL.MNR#11}

1F (MLL(NMNERZI=NL) 39,37,39

K= JXX{NER2)

DIFFZ2=F=THIS K}

IF INIFF2} 39,38,38

TF (NZZ{NER?)-ARSIDIFF21} 39,39,40
NU=NDU(NL NRe 1)

CALL SERCH (F,TH NL.NU+S+K4NER)
K=K /5
DIZINERZI=ARS{TH{S K +1LI=TH{S,K!}}
IAXANFRZ )=K

NMLLINERZ 1=NL

YI=TH(L « JYSFHE(THIZ2, JISFR{THI 3, J) +FETHI4,3))}
Y2=THILKI#FEITHT 2, K1 eFE{ THI 3. K} +FETH(G,K} )
ANINLISY L +DX2{Y2=Y 1)

GO 10D 42

AN{N1I=REAL

CANTINUF

16 (NUM=5) 43,48,48

GO TO [4T+88:4504%98% 4% s4%+44) s NUM
SX=AN{4&} *RRR

TX=AN(3)*1.9

HX=AN{Z2 }*RTO

AX=AN{1) /SQPOROD

GO 0 104 ’

TF {NUMM=9&NUM} S50,49.50
RYX=RO%]10 .,=%R

GO TO 43

DIFF= ABS({REAL-AN(NUP ) I/REAL )

IF (DIFF—.0001) 51+51.52
NUMM=g=NLIM

NADT =Y

NUP=4

GO T 23

NUMB=NUMA+]

NIMY=NIMXs]

IF (NIMX=20) 53,53,83

TF {NUMB-2) S54.561,80

1F {REAL-ANI{NUP)I} 55,51,58
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RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
PGS
RGS
RGS
RGS
RGS
RGS
RGS

129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
67
168
169
170
171



55

56
57

58

59
&0

61
62

63

74

75

Ris=R

S1=AN(NUP)

R=R+.3

IF [RL=R) S6457+57
R=RL

R2=R

L=0

GO T 23

R2=R

S2=AN{NUP})

R=R-_7

[F (R"RH' Sqlﬁooﬁﬂ
R=RH

R1=R

L=1

GO 10 23

IF (L) 67+,62.67
S2=AN(NUP)

IF (S2-51) 64463, 64
R=R2

GO TD &%

R=R2~(S52=REALI/(52~=51)%{R2=-R1)
[F {RL=R} &6+72,72
R=RL

G 10 72

Si=AN{NUP)

IF (52=S1) 69.,6%9,69
e=Q]

GO TO 7O
R={REAL~S1)/{52=-SL)1%(R2=~R]1)en}
IF (P=RH} TL,72,72
R=RH

[F (R2=RY T3,;51.76
NUMB=1

R1=R2

S1=52

L=0

tF {(R24,3-RL) TSy Fo,T4
RZ=RL

R=R?

60 TO 23

R2=R2+.,3

R=R2
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RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
G5
RGS
RGS
RGS

172
173
174
175
176
L7y
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
208
207
208
209
210
211
212
213
214



76
I

18
79
BO
31

82

93
8¢

85
86
87
B8
89

90

21

Q2
93

G0 1O 23

TF [(R=R1) T77+51,23

NIiMR=1

2=R1

52=51

t=1 .

IF (RH-R14,3) T79,78,78
Rl1=RH

R=R1

G TO 23

Rl=R1-.3

R=p1

GO TN 23

IF (REAL-ANINUP}) B81,8L,82
R1=R

GO 70 57

R2=R

6N TO 62 )

[F ([ F~.000001) 105,384,884
NTIMES=NTIMES+]

WOTTE (6,109)

WRITE [(6.110) PX

TF {NUM~5) 45,8&5,86

WRITE (6.111) RX

G0 70 87

WRITFE (&,112) SX

TF (NTIMES-999) 104,88,88
WRITE {6,113}

GD TO 5

L=0

TF (GTEST=GX1 90:92,90
GTEST=GX

Ll=2

AMR {1 )=RRX

ANR(2)=0X

ANR U3 I=ANRIL1Y/LANRI2=1.)
ANRI4I=ANR{L}+ANR{3)
ﬁNp(85=49003-609-ﬂ~ﬂ|3‘*ALUGflTl-ﬁf.OGOl**ANKlZI!
ANR(L+#S) =1, /ANR[L+2)

ANREL G =ANR (L +4) /ANR(Le1)
ANRILSTY=ANR{L*E ) /ANRIL+2)
GG 70 (93193;93l93998999r100|102'o NiM
QUOD=PFREXANR (L ¢+2)
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RGS
RGS
2GS
RGS
RGS
RGS
RGS
RGS
RGS
AGS
RGS
aGSs
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS

215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
&t
248
249
250
251
252
253
254
255
256
257



94
95
96
97

98

99

100
101

102

103

104
1405

106

OuUDT=p/R

GO TO (97996 +95+T4 98,99, 100+102 10,

S=ANRIL #8)#ANRIL+3)#ALOG(QUDD)
T=QUOT/ANR{L+1)
H=QUDT*ANMRIL+61}
Li=L+L1

A=50RTIANRILL 12OUQT)
0 T 103

EX=S5—-ANR [L+8}
EX=EXPIEX/ANRIL43))
R={P/EX) XXANR(L&5)
QUAD=P/RAXANR(L 2}
QUOT=P/R

6o TR 95
R=P/{TRANR{L*1}}
QUOD=P/RxEANRIL+2)
QUOT=P/R
S=ANR(L+#8)#ANRIL+3)>ALOGIQUONY
GND TO 96

ASSIGN 97 T NJuMP
T=H/ANR(L+4)
P=p/ITRANRIL+1Y)
QUOD=P/R*EANR (L +2)
AUOT=P/R

S=ANG (L +8) +ANR{L+3VxALGG(QUON)
GO O NJUMP, {97,103)
ASSIGN 103 TO NJuMPp
H=ANP (L ¢ TY%A %22

60O TO 101

AX=A

HX=H

TX=T

S5X=%

RX=R

ETTURN

L=1

P=PX

Rz=RX

IF {GTESTR=-GX) 106,92+ 106
GTESTR=GX

L1=9

122071 0.%%7

PR==T.+8

131

RGS
R/GS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
2GS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS

RGS

/GS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS

258
259
260
261
262
263
26%
265
2646
267
268
269
270
271
272
273
274
2715
276
2171
278
279
290
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
29¢
297
298
299
300



107

[ Nelel

108
1909

111
112
113

PR=2PO#*10,%%PR

Il=pR

Nno 10T Ni=l,4
NL=NDL(N1,1}
NU=NDUIN1, 1)

F=0.

CALL SERCH {(FeTH,NLsNU,S, J+NER])
=175

ANENLF=TH{L, §)
ANELI=RN(L)/SQPORD
RNE2Y=RN{2)%RT)
AN{3)1=RN{3)%]1,8
BN{4=BNI(4)=RRR
ANR{Q)=PR/(Z2%ANT2A})
RRX=ANR {9}
ANR(12)=BN(2)/BN{ 3}

ANR(10F=1.+ANR(G}/(ANR(L12)~ANR(9))

ANB (T11=ANR{12}/ANR(10)
ANROLTI=BNCLI*BN{L)*72/21

ANRI163=PN(4}=ANRILLIZALOG(Z Y/ Z2%%ANR(10}D

GO YO 91

FORMAT (12H0 ER TN RGAS,3X.46)

FORMAT (1HO,10X+36HOUTSIOF TABLES IN RGAS ENTERING wITH)

FORMAT [11X,2HP=,E13.6)
FORMAY (11X+2HR=Fl4.6)
FORMAT (1lX,2HS=,E13.8)

FORMAY {20X,2BHEXIT CALLED ON TENTH FAILURE}

FND

132

RGS

RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS

301
302
303
304
305
306
307
o8
309
3l¢
311
312
313
3ia
315
316
317
318
319
320
321
322
323
324
325
326
327
3zs
329
330
331~



1 RGASH.- Subroutine RGASH computes thermodynamic properties density, speed

2 of gound, temperature and entrcpy given pressure, enthalpy and
3 an estimate of entropy.

L

5 [RoasE]

&6 ¥

» Call RGAS with p and s given

7 ; \

8 Ts h within ERR of desired value?
9
10 [Estimate new s‘
11 .

If new estimate of 5 > 1.E6
reduce to 4.Eh end print estimates

|
13

RETURN )«
1 (e )
15
16

1z

7
16

19

21
22
23
2k

25 133
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SURROUTINE RGASH IPX,RX,AX HX, TXs3SX,ERR,IGAS) RGH

aoonNN ] [aNeEsNeEnNa]

W

[a R RERE [, % }

]

- O0

RGH

GIVEN PRESSURELENTHALPY,ESTIMATE ENTROPY RGH
VARY S UNTIL H WITHIN ERR OF DESIRED VALUE RGH
FIND DENSITY,S5PEED OF SOUND, TEMPERATURE,ENTROPY RGH
REAL GAS FOUILIBRIUM THERMODYNAMIC PROPERTIES RGH
’ R GH

DIMENSTON 5G(23, HG(2) RGH
HW=HX RGH
5GI1)=5X RGH
il=1 RGH
GX=1,4 RGH
RGH

RGAS GIVES RHO,A,T,S RGH
RGH

CALL RGAS (PXsRX+AXJHGT J 33T XSGl 33 oRRY G y=1s5,[GA 5D RGH
IF {ARSTHG(JI)-HW)-FRR*HW} 10,3,3 RGH
[F 1)i=1) 44445 RGH
Jr=2 RGH
SG1{2¥=5GI1)*],01 RGM
GO To 2 RGH
TF (HGIZ21=-HGIL}Y T.+6,7 RGH
WRITE (6+21) SGUL11+5GI2) e HGI LY 4HGI2Y9 SGNy HW RGH
Go TN 10 RGH
SGN={{SGI21=SG{ LY }/LHGI2)I-HGI LI I L HW=HG{ L} ) ¢5GL L) RGH
RGH

[F AN S.GT.1.E6 IS ESTIMATED,S WILL BE REDUCED TU 4.Lt4% AND RGH
QUTPUT OF 5 AND H VALUES GIVEN AND ITERATION CUNTINJES RGH
AGH

IF {SGN-1.F6) 9.5,9 RGH
SGN=4 B4 RGH
WRITE (621)1) SG{L1)+SG{2),HGL L) yHG({2) +SGN,HW RGH
HG{l1)=HG(Z} AGH
SG(1)=5G (2} RGH
SG(2)=SGN RGH
GO T 2 RGH
SX=561{41) RGH
RETURN RGH
RGH

RGH

RGH

FORMAT [4&FE16.8) RGH

13:
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1 RGAST.- Subroutine RGAST computes thermodynamic properties density, speed
2 of sound, enthalpy and entropy, given pressure, temperature and an

estimate of entropy.

N Y]

RGAST

Y
» Call RGAS with p and s given

Y

s T within ERR of degired value? Yes

No

o0 =1 O\

¥
Estimate new s
]

{ RETURN ;i
12

13
1k

10

15
16
17
18
19

21
22
23
2k

25
136
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AOOOO0

MY -

SURROUTINE RGAST {PX,RX,AXHXsTX9SX+ERRLIGAS)

GIVEN PRESSURE, TEMPERATURE .ESTIMATE ENTROPY
VARY S UNTIL T WITHIN ERR OF ODESIRED VALUE
FIND DEMSITY,SPEET DOF SOUND.ENTHALPY,ENTROPY
REAL GAS EQUILIPRTUM THERMDNYNAMIC PROPERTIES

DIMENSTION SGI2¥, TG(2}
TW=Tx

SGi1)=5X

Jd=1

GX=1.4

RGAS GIVES RHMO.A.H, S '

CALL RGAS lPKothﬂonXvTElJJltsstJJ’;RRKIGX!"I;'ju IGASD
IF {ARS{TGL IS )I=-THI-CRRETW) 5,2,2

IF ()31 3:3+4

Ji=2 .

$6(21=5G(11%1.01

GO 1O ¢
SGN=({SGL(21=SCI 1)} Z7{T6I2)=-TG{1 I} 3= (Tu-TGLL Y #SG( 1)
TGL1y=TG{2)

SG{11=5G(2) |

SGL21=5GN

G0 ™D 1 i

Sx=S8G(JJ)

RETURN

END

157

RGY
RGT
RGT
RGT
RGT
RGT
RGT
26T
RGT
RGT
RGT
RGT
RGT
RGT
RGT
RGT
RGT
RGT
RGY
RGT
RGY
RGT
RGT
RGT
RGT
RGT
RGT
RGT
RGT

O P W N e



7 BOLL.- Subroutine called by RCAS to position TAPELO to proper file for

2 gas properties.

FEERN

W @ =~ 3\

10

12
13
1L

15
16

17
18

19

21
22
23
2k

25
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SUBROUTINE ROLL (M, NFILES, IND)

POSTITIONS AMES TAPE 10 YO PROPER FILE FDR AIR

REWIND N

NEOF=Q

IF (NEOF=NFILESY 22444
READ (N} A

IF {ENDFILE N1} 3.2
NEOF=NEQIF+]

GO T 1

RETUEN

END

129

ROL
ROL
ROL
ROL
rOL
ROL
ROL
ROL
ROL
ROL
ROL
ROL
ROL

D@ PN D W -

-t
W o



SERCH.-~ Subroutine called by RGAS to locate information for gas properties.
1 BSibbi.-

2

\O o~ oy \n £ W

10

12

13
1k

15
16
17
18
19

21
22
23
24
25
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MO

SURROUT INE SERCH (X404 NLyNUy NSoNOUT,NERR}
AMES PROGRAM USED BY FGAS

DIMENSTON Qliel)
NERR=(

K=NL +NS

T (OINL»L1=Q(Ka1)) 1,1,4
N7 2 I=NL.NUyNS

IF (X=QCJe1d) 3,2,2
CONTINUE

MOUT= =NS

RETURN

N3 S J=NL.NU NS

TF (X=QUJdel)) S46.6
CONTINUE

NDUT=

RFTURN

ENDY

41

SPH
SRH
SrH
SRH
SRH
SRH
SRH
SRH
SPH
SRH
SaH
SRH
SAH
SeH
SEH
SRH
5RH
SRH
SRH

WR NPV P -



1 START.- Subroutine START computes initiel values of boundsry layer thick-

2 ness, displacement thickness, momentum thickness, skin-friction
3 coefficient.
L
START
>
L 4
6 €all VGAUSS(FOFX) to find
7 integrals WRT. (y/8) through the boundary layer
7 y
8
9
10 X
#/§ =
1 E#/8 f3
12 8/8 =/,
1 =
> B/rn 6/8 élrn TR
L §#/r = 8%/5 §
Tn~ /v 1R
15
c /2=t
16 fl
17
» Computes &/r (EQ. 19) 1
n
18
6/r_ (EQ. 5)
19
6*/rn (EQ. &)
0 2
Cp/2 = (o /p ) /(U /2H )t
21
A
22 # = &%
§*¥/6 = § /rn/e/rn
23
2k RETURN
25
142
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[aRale

SUBROUTINE STARTY STR

STR

COMPUTE MOMENTUM THICKNESS ,BOUNDARY LAYFR THICKNESSs DISPLACEMENT  STR
THICKNESS ST

AT START OF TRANSITION GIVEN SHOCK RADIUS S5TR
STR

COMMON XLSHy XLSHY 4 THCR GJLIM, KLIM , TXLCLI450),TYL{450) ,T5{450),TP{45STR
101+ TXL{450) s TYLS{450),T55(450) STR
CNMMON ENXyFPOPT AL X RAF , ALMINyCOPT o STHCR s T1 T2, Lo XV UsPSI STR
LOMMON CMTOPT 5TR

COMMON ALGN, AN¢ANZ APy AVAR AW AX ,CEB,CEBP ,CEMsCEMP+L FBMT ,CFR2,CFER STR
PR, CFICFMT,CF2.CF2I4CNyCOEL,COE2,COFIWCTHCRDEL»DELAMGOELSHDERR,DNSTR

"2,0PVAR,DRAVAR DRV AR, DSTH, DUV ARJE s EXyEL 2ELT ) EL VI EMU, EMYAR,EM L EN,L,ESTR

AINGN e ENT o ERR 4y FC s FOCF 4 FOLFLG o FOF o F CFPR 4 FD o FDPR W FRRE+FR THo G oGC+GXoHeHSTR
AAWIHHAT s HP y HT 4 HVARy HW 3 H2 s TCELL s T L4 ENg JD s JSILTMe N KoK Ko KNoLLIM¢NKW,; STR
SNNs NOGNXINTyPATM P IVAR PR PRP,PRW,RBVARRETyRETH,RHO UL (RHOWs RO, RAOPSTR
G+POVARJROWsRRT+RRNJRRTVAR ,RRX,RSERR,RSTSAV,RSLVAR KX s SHEAR s SP s SVYARSTR
TeSWeSXe TAWSTEMP 4 TEMPIO,TEMPLI s TEMPL2, TEMP L4 TEMPZ +TE MP3 » TEMP4, TEMPSTR
B, TEMPO, TEMP T ., TEMOR , TEMPI S TEP , TYVAR ) TK o TPP, TRAN TTLL sTH o TXoWVAR o XISTR

NG XMIN, X2REX 7+ ZMA X, TMIN STR
REAL INe JNoKN TR
COMMON FL3),AT3),ALPHETIA) 3 XINTIG9G) »THTIO9 )47 TABLLG)» TABEIN(GY.TAR JNSTR

1(6)DXLTABL 20V, OELKI2Y,RSLGT 2V, ALGI2) ,ENGL2Y sANZ( T) STR

COMMDN FRXT(20) sFRXLGYIZ0DFOXTL 200 oFOXLGTI20), FRTBL 201+ FRLGTI20)45TR
LECTRI20) o FCLGT (2001 4 XW{L00)+F INGL LO0) 4 RSLWIL0UI» SHEER (LU0 4 N[ 160} 455TR
211601,PT{L60)+XCU160),RATL60} )WIL60Q) JRRTI160), XMAXTB (204 ,DUDXT(1605TR
3).DENXTL1601,DPOXT (1601, 0RBOXTILE0) 4 VARIZ) 4DERI 2D ,LUVARL 2D WSAVI{165TR
4001 yRRTSAVILIED) ¢ XSAVIL601 4RSLSAVILG60) 4+REXSAVI160) yENS AY(L60), CFSAVISTR
51601 TKTABI30 1 PRTABIZ21IC o PATABL 7)o XKW{16G ) s WKW LOG! 1 RSLKWLILS0} STR

COMMON /ALOCK/ PLTL(1601,PLTZI160).PLT3(L60),PLY4(1600,.PLTS(1460%,PSTR
ILT6(160),PLTT(160).PLYBCL601,PLTI(160),PLT104L60),PLTLLI160)-PLTI2STR

21160 ,PLT13¢4160) ,PLTL14(1560),PLTIS{160) ;NKWSAY STYR
EXTERNAL FOFX STR
DIMENSION F21{T) : STR

STR
N{TRAN} IS INPUT TR
STR
EN=FENT STR
TEMP3A=],/EN 5TR
Sy=5VAR STR
STR

CALL VGAUSS.FOFX TO FIND 7 TNTEGRALS WRT.IV/DEL) THROUGH BOUNDARY STR

/
i
|

13
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s ReNel OO sw N OO OO0 0O0 e Re e [

[ e W]

AOOOON

CALL VGAUSS (DslasL sAN2,S0FX,52,7 +NN)
IS FLAT PLATE
[F {(FPOPT) 1,5,.1]

DEL/LITRANDySHEAR ARE [NPUT
NELST/DEL

NSON=ANZT 3)
THETA/DEL
THOD=AN?{ 1)

TF (TCELL} 34243
DEL T=DEL

A0 TO 4

NEL =NELT

CONT INUE

THET A/L
CUVAR (2 ) =THOD®DEL
DELST/L

NEL S=DEL *NSOD
res2

CF2=5HEAR
G0 TAQ &

RS/t FROM SUBROUTINE EDGE.SHEARILAMINARILS TNPUT

DEL/L (EQL9Y

ADEL=TEMPLZ2*AN2(2)
ANEL=TEMPI2xAN2IL6)
CDEL==RSLVAR*RSLVAR

NELP={=RDEL+*SORT!ADEL¥RDEL~4 .*ADEL*CDEL ) )/ {ADEL#ADEL )
DEL M={~-BDEL~SQRT{RDEL*BNEL ~4 . *ADEL2CDELY Y /{ADEL+ADEL )

sy

STR
STR
STR
STR
STR
STR
STR
sTR
STR
5TR
STR
STR
STR
STR
STR
STR
STR
STR
STR
sTR
STR
5TR
STR
STR
5TR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
sTR
STR
STR
STR



GO0

SO0 [gEa e

- NeReNel

[xNe

DEL=DELP

THETA/L (EQS}
GA==DEL*DEL*AN2{Si-DEL*AN2(}
CUV2P=(-1.¢50RT(1.,~TEMPL4®GA)}/TEMPY
CUV2M=(=1.~SQRTL1.~TEMPLA*GA )} /TEMPY
CUVAR(2)1=CUv2P

DELST/L {EQ4)

G==0EL*ANZ {3 )-DEL*DEL*AN2{ 4}
DELS={-1.+SORT{1.~TEMP1I4%*G))/TEMPY

CF/2

CF2=(IRO/RATVAR) /{TEMPT/HYT 1) *SHEAQ
DELST/THETA

6STH=DELSICUVAQ(21

CF21=CF2
RETURN

END

s

STR
STR
STR
STR
STR
sTR
STR
STR
STR
STR
STR
5TR
STR
STR
STR
STR
STR
5TR
5TA
S5TR
STR
STR
STR
STR
5TR
STR



o

VANDCF .- Subroutine VANDCF computes the VanDriest II skin-friction coeffi-

cient using Reynolds number based on momentum thickness.

£ W

VANDCEF

Cf/2 by VanDriest (Ree)

W N W

RETURN
10

12

13
14
1>
16
1T
18
19

21
22
23
ok

)
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SURROUTINE VANDCF VAN

VAN

CNMPUTES HEATING RATES AND SKIN FRICTION 8Y VAN
VAN DRIEST I! (RETHETA) METHOD VAN
VaN

COMMON XLSH, XLSHL ¢ THCR ¢ L IMy KLIM» TXLCL{450) s TYL {4500 - T5({450) , TP {45VAN
13 e TXLLAS D)9 TYLS( 4501 .T550450) VAN
COMMON ENXFPOPT . ALXRAF, ALMINGCOPT,,STHCER #TLoT2 4L o XV Qo P51 VAN
COMMON CMTOPT VAN

COMMON ALGN, AN, ANZ JAP,AVAR (AW AX s CEB+CERP +CEMCEMPCFBMT ,CFR2,CFERVAN
IRy CFTCFMTZCF2,CF21,CNeCOELsCOE24CNE3LCTHCR yUEL +DELAMSDEL S+DERR 2 DNVAN
2 0PVAR,DRBVAR yDRVAR ,NSTH DUV AR yE EKHELELT yELVOe EMU, EMV AR, EMX, EN4EVAN
INGNLENI W ERRe FLoFLLF G FLCFLGoFCF 4 FCFPR4FO,FOPRIFRREWFRTHo G+ GLs G Xy HaHVAN
GAW HHAT ) HP yHT o HVAR pHW e H2 o TCELL LTy INo JSp JIL T Mo NG K p Ko KINpLLTM ;s NK W, VAN
SNNGNOJNXINT, PATM, PIVAR,PR,PAP,PRW,RBVAR,RET,RETHeRHOUIL ¢c KHOW4 ROy ROPVAN
6 RNVARGROW RRT yRRNyRRTVAR ¢RRX+RSERRYRSISAV,,RSLVAR X ¢ SHEAR ) SPSVARVAN
T4SWeSXy TAW, TEMP , TEMPLIOZTEMPE Y 4 TEMPL24 TEMP 14y TEMPZ4 TEMP3 o TEMP S, TEMP VAN
B5y TEMPHy TEMP T, TEMPR , TEMPO , TEP TI VAR, TK,TPP  TRAN TT11 o TH o TX WV ARy XIVAN

INe XMING XZREX 4 Zo ZMAX, IMIN VAN
REAL IN, IN,KN VAN
COMMON F (31, A03)ALPHEI3 )4 XINTIOD) »TUTI99) I TAGLL O}, TABIN{S ), TABINVAN

116) «DOXLTAB(Z20) »DELR{2)RSLGI2),ALGI2) ,ENGL2)ANZLT) VAN

COMMEGN FRXTI20H4FRELGTI201,FCXTL 20)FCXLGTLZU)FRTBL 20) s FRLGT (2004 VAN
LFCTRU2D) oFCLGTI20) +XW 1000 s FINGL LOOY yRSLWIL00) ,SHEER (200 ¢ X1 160, SVAN
ZULE01PTII60) e XCE160),RBIIO0 )W L60F4RRTE L1601 XMAXTB 20U} »DUNXT{160 VAN
3 NRDOXTCLAEONDPOXT(L6O I, ORBOXT{LEIV 4 VARIZ Y yDER( 24 «CUVARL 2) o WSAVLG6VAN
40)+RRTSAVILE0) s XSAVIL160),RSLSAVI 1 60) +REXSAVI160) s ENSAVIE60),CFSAVIVAN
5160 TKTARB{3D) ,PRTAB(210) ,PATABIT)  XKWLL6ED Yy WKW 16D »ASLKM{160) VAN

COMMNN FBLOCK/ PLTLU160),PLT2{1601,PLT3{1601PLT4LlL600«PLTS{160}1+PVAN
LLTA116D 14 PLTTLI60)PLYB{160},PLY D9 L60Y,PLTEOILS6G).PLTLLL16D),PLT1ZVAN

201601,PLTL31160),PLTL4{1600,PLTIS(160) NKWSAY VAN
TERM=,176¥EMV AR ®EMVAR VAN
EMEW=SORTITIVAR/TWIZ(1.4220. %1 0. %% (=0, /TWI/THd/ (Lot ift. 210280 (=9 ,/VAN
1TIVAR)/TIVAR) VAN
RBAR=RETHREMEW VAN
RARLG=ALOG10(RBAR) VAN
CF12=.5/1117.08%0ARLG#25, L1) 3RARLG#6.012! VAN
AVDS Q=T ERM/CNFL VAN
BYN<={ 1.+ TERM=COE1) /COE1 VAN
BYDSO=RVO%BVD VAN
ALVD={AVDSQ+AVDSO-AVD]} /SORT{ 4. *AVDSO+RVYNSO) VAN
AEYD=BVD/SORT (4. *AVDSQ+BVDSO) ' VAN

17

[¥o I B N B R TV L



= OO0 DOo0

fu ]

EQ(20)

CF2FP=CFI2%((ASIN(ALVDI+ASINIBEVOD) I **2)/TERM

EQ(23)

CF2=CF2FPRCFMT
RETURN

ENN
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VaN
VAN
VAN
VAN



1 WRTS.- Subroutine WRTS computes heat transfer coefficient and heating

2 rates based on each skin-friction theory and prints output.
)
4 WRTS
> 1
6 Computes Nst,e
T h = Nst,e Ug Pe
8 = h -h..
a=h (hy-n)
9 -
h/hO
10 -
h/FMT
13
/Py
12
h F
13 (/b )/ Fy
L
1k
l\I@be in SI Units?
15
Yes
16 Y
Convert US to &I Units
17 Print output in 81 Units
18
=~ Print output in US Units
19
20 y
RETURN
21
22
23
oL
25 149
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SUBRODUTINE WRTS (CFXRAFX,CFMTX) WerT

WRT

COMPUTES HEAT TRANSFER COEFFICTENT AND HEATING WRT

RATES BASED ON FACH SKIN FRICTION THEORY : WRT

WRT

COMMON XLSHy XLSHL o THCR, JLIMy KLEIM, TXLCL {450}, TYL 14501 « T3( 45001, TP{45WRT
101+ TXLI450), TYLS(4505.755{450) WRY
CAMMNON ENX FPOPT y AL X yRAF y ALMINCOPT 4 STHCR , TLaT24L s XV GePST WRT
COMMON CMTOPT WRT

COMMION ALGNJANSANZ AP AVAR JAW,AX ,CEB,CERP,CEM,CEMP,C FBMT ,CFR2,CFERWRT
10, CFRI+CFMT,CF2,LF21,CN,COEL, COE2,COE34CTHCR 4 DELy DELAMeDELS,DERR,, DNWRT
24NOVAR,DREBVAR ,DRVAR ,OSTH DUVAR,E yEK+EL+ELT pELVO,EMU, EMVAR,EMX, EN,EWRT
INGNENT 2 ERRyFCoFUCF 4 FCCFLG+FCF4FCFPRFOWFOPRIFRRE+FRTHoG ¢ GL4GXsH HWART
GAW s HHAT o HP g HT o HVAR s HW  HZ2 s TCELL o T To INy JJ e JILIMy NG KoK Ko KNsLLIM NKW, WRT
SNNeNJWNXINTyPATMy PIVAR,PRPROPRWyRAVARSRET,RETHy RHOUL s RHOWs ROy ROPWRT
6+ROVARWRCW«RRILRRNJRRTVAR yRR X, RSERRyRSISAV  RELVARyRX ¢ SHEAR,SP,SVARWAT
TeSHeSKXe TAW TEMP L TEMPLOGTEMPL L, TEMP L2 TEMP 144 TcMP 24 TEMP 3, TEMP4 , TEMPNRT
BS5 e TEMPA s TEMPT 2 TEMPB s TEMPQ y TER, TIVARTKy TPP, TRANTTL1L o+ TWs TX/WVAR, XIWRT

G HMTNe XZRER o 7o IMAX, ZMIN WRY
REAL TNy JNJKN WRT
COMMON FU3)s Al3 )4 ALPHE(3 )}, XINTI99) , TWTI99)4ZTABLUG) s TABINIG) » TABJNWRYT

LEA) oDXLTABLIZ20) ,DELKI2),RSLGI2I4ALGI2) +ENGT2),ANZI(T WRT

COMMON FRXT(20),FRXLGT(Z03,FCXTI 20} ,FCXLGTL20) FATBL 20) +FRLGT(20), WRT
LECTBL20 ) 4FOLGT(200 2 XW(100) +FING( 103} 4 RSLWIL1O3) SHEER L13U) s Xt 16D) 4 SWRT
21160} 4PI11601,XCOL60YRAILED)«H{ 160)4RRT{160) XMAKTB (20) 4DUDXT [ L 6OWRT
314DROXTC160) y0PDXT (16D »DRADXTILE0) 4 VARI2Z) 4DERLZ) s CUVARE ZI,WSAVI IHWRT
401 RRTSAVII60Y o XSAVI 160D+ RSLSAVI LGOI ,REXSAVI 160 4ENS AV EL60)+ CFSAV{WRT
S1601.TKTAB{301 4 PRTAB(210)+PATABLT) e XKAT LEO) y WKW L6} +RSLEWILE0) 5 IGWRT

6AS WRT
COMMON XX1 WRT
COMMON ACFT(22),TREXT(221 ,ACFLGTI22), TRLGT[22).REXLF oHO, X0 WRT
COMMON HBCF4QXCF, HHCF WRY
COMMON /BLKZ CVLCV24,CV3+CV4,CY5,CVE,CVT,CVBCYICYLOEY1E,CV 12, CYWRT
113, UNINWYNID LA
EXX=CFX®RAFYX WRT
HA=FYX*WYARSRATYAR WRT
OX=HRX(HAW=HW)} /2. 5036E4 WRT
HH=HR /HD WRT
HACF=HB /CEMTX . WRY
QOXCF=QX/(FMTX WRY
HHCF=HH/CFMTX WRY

IF {UNIO=1,1 1412 WAT
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SO WN

NA{1 =HBRC V5
ORZ2=0x={V12
N85=HRACFAC VS
DR6=0OXCFHLY12

WRITE {644) RAFXLCFMTX,CFX,FXX,081,082,HH,XX1,085,086,HHCF

GO TO 3

WRITE (6.+4) RAFXoCFMTXuCFX;EXX.HH.QK,HH.XKI.HBCF.QXCFgHHCF

RETURN

FORMAT ¢12E11.3)0

END
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25
152

NASA-Langley Form 22 {Apr 69)



0 o~ [ NN | LSRN |

10

12
13
1L
15
16
17
18
19

21
22
23
o4
25

USAGE

The turbulent boundary layer program D3340 is run on the Control
Data 6000 series computer under the SCOPE 3.0 operating system. Minimum
machine requirements are 77000 octal locations of core storage for a

minimum of 160 body points.

Computer Calculation Time

The time required for & given variable-entropy calculation for turbulent
flow depends on (1) the mumber of iterative calculations from the start of
transition to the end of the bedy; (2) the number of points on the body per
iteraticon; (3) the number of points in the integration from the wall to the
edge of the boundary layer; and (L) the error criterion for various iterative
solutions used in the caleculation. It usually toock four iterstions to find
a reascnable engineering solution which had 2 change in velocity of less than
1 percent (EES < 0.01) from one iteration to the next. For the flight cal-

e
culation, the Runge-Kutta integretion was limited to maximum step size of

Ax = 16.0; however, if cslculation time on the computer is extremely critical,

tie step size could possibly be increased with little effect on the final
solution. The number of points required in the Gaussiar guadrature for the
calculation of 6/rn and 6*/rn from equations {5) and (&), respectively,
was determined from a comparison of the {alues of G/rn and 6*/rn

calculated for wvarious numbers of points used in the guadrature. It was

determined that a minimum number of 20 points could be used in the integration
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through the boundary layer. The momentum integral equation (eq. (3))

is solved by a variable-step-size fifth-order Runge-Kutta numerical scheme
which uses a maximum relative error criterion of 0.001 for the value of 8
for one step of integration. The maximum percent error allowed in the
iterative solution for the Spalding-Chi (ref. T) Cf/2 was 0.4, When an
iterative procedure had to be used in the determination of thermodynamic
properties from the real-gas subroutine (see ref. 27), thelmaximnm sllowable
relative error was 0.001. For real-gas turbulent-boundary-layer calculea-
tions made at altitudes from 18.29 km to 25.91 km (60 000 ft to 85 000 ft)
at M = 20, the time per body station was approximately 2.6 seconds on the
Control Data 6600 computer system based on a single iteration from the start

of transition to the end of the bedy and usihg the relative error criteria.

Input Description
This section describes input procedures for the turbulent boundary
layer program. The preparaticon of input tapes and cards 1s discuésed,
including a description of various options available in the progrem. This

is feollowed by sample input data for the test case.

Preparaticn of Input Tapes
TAPE 10 - The flow properties pg, Pas Te’ Se’ he and a, for a
real gas in thermodynamic equilibrium are calculated by the computer
subroutine {RGAS) described by Lomex and Inéuye in reference 27. The
subroutine RGAS requires use of TAPE1Q containing information for nitrogen
on file 1 (IGAS = 1) and information for air on file 2 (IGAS = 2). TAPE 10

was developed by NASA-Ames Research Center and contains information
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applicable to real equilibrium air (T<ETOOO°R). The information for thermally

. perfect gas mixtures was taken from NBS Circular 564. Subroutines ROLL and

SERCH are used by subroutine RGAS to locate the information on TAPE 10.

If CARD = 0, tapes 16, 15, 22 are used for input of the inviscid flow
field., TIf CARD # 0, as in the case of cone flow, these tapes are not used and
input is taken from NAMELIST $N2 cards.

TAPE 15, 16, 22 - Prior to the turbulent boundary layer calculation the
inviseid flow field is determined by the Lomax and Inouye blunt hody and method
of characteristics programs. (See refs. 27 and 34.) The inviscid solution gives
the first-order stagnation entropy flow property distribution along the body
which is used as the initisal conditicns at the edge of the boundary layer. In
addition, the shock shape rs/rn and entropy distribution along the shock are
found from the inviscid solution. Subroutine CRRD reads the body and shock
points of the inviscid flow field from tapes 15, 16, and 22.

TAPE 16 contains the body and shock points from the Lomax and Inouye
blunt body program.

TAPES 15, 22 contain the body and shock points from the Lomax and Inouye
method of characteristics program. TAPE 15 may be used for both body and shock
points (XLSH = XLSH1) or TAPE 15 may be used for the baly points and TAPE 22
for the shock points.

TAPES 16, 15, 22 contain x/rn centerline, y/rn, stream velocity (ft/sec),

e o

stream angle (rad), Mach number, entropy (ft2/sec R), pressure (lbf/ftg),

enthalpy (ftgfsecz), density (slug/ft3), total pressure, written in (5E16.9)

format with body points on odd numbered records and shock points on even
numbered records. A maximum of 450 body points and 450 shock points may
be read.
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Diagram of Linkage for Input Programs

Real Gas Thermodynamic Properties
File 1 = Nitrogen
Pile 2 = Air
on Ames RGAS TAPE 10

Inviscid Flow Field
Ames Lomax and Inouye Blunt Body Program
(Ref. 27, 34) writes
Body and Shock Pcints on TAPE 16

Inviscid Flow Field
Ames Tomax and Inouwye Method of Characteristics Program

(Ref. 27, 34) writes
Body and Shock Points on TAFE 15 and/or TAPE 22

N

1 Laminar Boundary Layer D2T7LQ
{ (Ref. 35) writes

‘No. of x/rn, X/rn, e/rn, rs/rn, T

on Punched Cards

Turbulent Boundary Layer
Program D3340 reads Blunt Body Input TAPE 1€,
Method of Characteristics Input Body and Shock Points TAPE 15
or Body from TAPE 15 and Shock from TAPE 2Z2.
Reads Punched Cards from Laminar Program.

Writes Plotting Information in Labeled Common BLOCK .

Flotting Program
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Preparation cof NAMELIST N1 Input Cards

1

2 The FORTRAN NAMELIST capsbility is used for data input with $N1 as
5 the NAMELIST name, The maximum allowable dimension appears follewing the
b variablé name. Units are SI or US Customary depending on the option

2 chosen for URIN.

6 $M1

7 XMIN x/rn at beginning of transition

8 XVQ ﬁ/rn at virtual origin

7 X2REX x/rn at end of tramsition
10 ELT X2REX + .01 for print at end of transition
H XMHL x/rn at maximum heating
12 XLSH maximuzn x/rn on shoek (= 0 if flat plate} from tape 15
3 if body points from this MOC case
14 XLSH1 maxim;m x/rn on shoek (= 0 if flat plate} from tape 22
15 if shock points from this MOC case XLSH1 = XLBH if
16 body and shock both from tape 15
X7 DXLTAB(20)table of increments of x/rn for edge conditions
18 XMAXTB{20)table of x/rn values where increments change, XMAXTB(20}
19 is end of body. DXLTAB and XMAXTB shcals bhe chosen so
20 that no. of x/rn points on the body will not exceed 160
2l EL r_ mose radius (m) (inch)

a2 RNOT r_ nose radius (m) (inch)
= _ XINT{99) values of X for wall temperature table {(m) (inch)
2k TWT{99) values of wall tempersture (OK) (°R)

& NXINT no., of values in wall temperature table

THC cone half angle (= O if flat plate) (rad) (deg)

NASA-Langley Form 22 (Apr 69)
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DEL initial Glrn boundary layer thickness from laminar

flat plate input (= 0 if cone)

1 R density parameter from laminar program ( = 0 if flat
2 plate) (kg/mj) (1bm/ft5)

3 RHPI density freestream (kg/m5) (Slug/fti}

4 RHPTZ density stagnation point (kg/ma) (slug/ft5)

> Ul velocity freestream (m/sec) (ft/sec)

6 RAGUL density * velocity freestream (kg/m2 sec) (lbm/ft2 sec)
T PT2 pressure stagnation point (N/m?) (lbf/ftg)

8 PINF pressure freestream (N/mg) (Ibf/ftg)

9 HT total enthalpy (mg/sece) (ftg/sece)

10 aT total entropy (mg/secg “X) (fta/secg°a)
n TT11 total temperature (K} (°R)
12 W@ : wall temperature stagnation point (°K) (°R)

13 SHEAR shear stress (if SHEAR = 0, interpolate from laminar
14 carde)

15 A(3) Ag coefficients Tor enthalpy, Eq. (12), A(1) = A(3) =0
16 F({3) By coefficients for enthalpy, Eg. (12), F(3) =1

17 ATPHE{3) ap coefficients for enthalpy, Eq. (12}, a(l) =a(2) =1
18

19 A(2), P(1), F(2), ALPHE(3) are calculated in program
20 ATMIN «(3) at beginning of transition, Eq. (12}

21 ATX a(?) at end of transition, Eq. (12)

22 ENI W at the beginning of transition, Eq. (26)

23 ENX N at the end of transition, Eq. (26)

2k PSI v factor in Cf/2, Eq. (25)

25 TRAN = 0, no transition region

# 0, transition region
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CARD

FPEPT

UNIN

UNI{

IGAS

PRINT

ERR

UERR

. CFERR

T

Cci

SPEC

CIMAX

ELEX

LIR2

PR

= 0, read input from TAPE 15, 16, 22

f omit if
# 0, read NAMELIST N2 flat plate
= 0, cone
# 0, flat plate
< 1., input in ST units

\'%

1., input in US customary units

1A

1., output in 8T units

N

1., ocutput in US customary units
= 1, nitrogen file from RGAS TAPE 10
= 2, alr file from RGAS TAPE 10
print frequency
relative error in T or i when iterating in RGAS
relative error in velocity con sluccessive iterations
relative error in Spaldin-—Lhil skin fricticn
= 5, no., of intervals in Gaussian integration
= 4, no, of points per interval for Gaussian integration
=1, no. of values in ELT block I Runge Kutta
initial interval of x/rn for Runge Kutta
= O, prints every interval in Runge Kutta
maximum interval of x/rn for Runge Kutta
relative error in e/rn
if error greater, Runge Kutta halves computing interval
relative zero in 8/r
will not apply relative error if e/rn. below this

= .72, Prandtl no. used 1n'TAW
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GC

ZMIN

CN
DX

KN

FRXT(20)
FCXT(20)
FRTB(20)
FCTB(20)
TKTAB (30)
PATAE(7)

PRTAB(210)

ACFT(22)

TREXT(22)

TP

TS

$

= 52.174, dimensional gravitational constant to convert from

slug/ft3 to lbm/ft3

[

i
no

31.623, Eq. (8), sets W

681.33%, Eq. (8), sets N = 10

fl

i}

- 133333333, Ba. (8), R

= .5, Eg. (8): (IW/TE)CN

N
e

= .25, Eq. (8): M

I i KN
- 53335553, Ba. (8), (x,o/r,blr,)
FRXRX from Spalding-Chi table 7
from Spalding—Chi table 7

Fccf

RReRee from Spalding—-Chi table 7

FQCf from Spalding-Lhi table 7

temperature °K from Hansen table VI

pressure from Hansen table VI (N/me) (ATM)

Prandtl no. from Hansen table VI, starts with Prandtl
no.'s for smallest pressure and lacreasing temperatures
up to largest pressure and increasing temperatures.

Cf table to use with Van Driest skin friction

transformed Rex table to use with Van Driest skin
friction

pressure flat plate = PINF (Nﬁmg) (Ibf/ftg)

{ =0 if cone)

entropy flat plate = ST (m2/8e02 °K) (ftg/sec2°R)

( = 0 if cone)
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Input from the Laminar Program

The results of the inviscid solution are first used to make a laminar
boundary-layer calculation, with variable entropy, over the entire length
of the body. (8ee ref. 35.) The initial use of the edge conditions from
the varighle entropy solution for laminar flow enables the turbulent
calculation to be completed in less time than the initial use of the
stagnation entropy edge conditions directly from the inviscid solution.
The laminar boundary layer program-DE?hO punches on cards tables of
rs/rn and dimensionless shear as functions of x/rn which are read as
input to the turbulent bhoundary layer program.

After the NAMELIST N1 cards are read, the turbulent program next
reads the punched cards from the laminar program. These punched cards are
of the following form:

card type 1 FORMAT (15) no. of x/rn to be read, not
exceeding 100 |
card type 2 FORMAT(5E15.8) x/rn values, 5 per card
card type 3 FORMAT {(5E15.8) B/rn values, b per card
Card type 3 are read but not used in the present version of the
turbulent program.
card type 4 FORMAT(5E15.B) rs/rn values, 5 per card
card type 5 FORMAT{5E15.8) dimensionless shear, 5 per card

Card type 5 are not read if SHEAR # O in NAMELIST N1 .
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Preparation of NAMELIST N2 Input Cards

Following the input from the laminar program, data input with $N2 as
the NAMELIST name may be read if CARD # O in NAMELIST N1 and inviscid

Tlow field tapes are omitted.

N2
DELTY increment of x/rn

TP pressure (N/mz) (Ibf/ftz)

TS entropy (mE/sec2 °K) (ftg/sec2 °R)
THSD shock angle (rad) (deg)

%

Input for Sample Calculation

The sample case chosen to illustrate the use of the program is the
performance of turbulent boundary layer flight calculations atr an altitude
of 60,000 ft. and flight conditions of approximately 15,000 ft./sec. for
a 13 ft. long, 5° half angle cone with a nose radius of .4 inch.

The corresponding input data cards are listed here and sample rages
of the output data are shown in the ensuing section to illustrate the

printout formats. The input and output for the szmple case are in SI units.
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T 040000NNE4+01
Z«N3anQornI4+02
2.273800000E407

54 B2FSRTHE6E~-04
1+081413546~03
2+BT2B30485-013
54 27282967E-03
101056311 2E-02
1.653085027E-C2
2s50TF194R5E~02
PL D1 NEDG2E-CZ
1« BB7NH7S17E-DF
1a8977A292E-02

9.21474258E-02
1« 74350769E-01
2406631376501
2.09306340E-01
2.52215348E-01
3, 24B24BRRE-01



3+68180137E~01 4,46402282-01 4.99952742E-01
6eHGNIB134E~01 74288814175 -01

Q464180061E~01 141035163 1F5+00
147849923nE+00 1.915008180400
22 AGRBTLAINE+QD 2459003632F+00

Sy P899268E~01 S5«93288B227NE-01
T 45B40NERFE-01 B.21598024E~01 B.973368729E~01

14221 3R8BEFH0O0D 1.,82B1R025E+00 1 «52720447E4+0N
2+ 0ATITNBLAE+VD 2,0969T7462E+00 2. 21468145400
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Output Description
Tn this section the formats for printing the results of the machine
computations are described. The results of the sample caleculation, for
which the input data were described, are used to illustrate the printout

procedure.

NAMELIST N1 Output
For each computational case or run, the program lists the NAMELIST N1
input data. The program listing of the input data for the gsample calculation
is shown in Figure 1. The format for this printout is evident from the

figure.

Inviseid Solution Output
If CARD # 0, the program lists the NAMELIST N2 input data. If
CARD = O, the program lists the information read from tapes 15, 22, 16.
Thig information is printed on two lines for each body or shock point of
the method of characteristics and blunt body solutions as shown in Figure 2.

The first line contains

X x/rn measured on centerline
Y y/rn

o stream velocity (ft/sec)
THETA stream angle (rad)

M mach number

The second line contains

o}

5 entropy (fte/sec2 R)

P pressure (lbf/fte)
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H enthalpy (ftg/secg)

RH@ density (slug/ft5)

PT total pressure (not used in present version of program)

Body and shock points of the method of characteristies solution
alternate until x/rn of shock point from TAPE 15 reaches XISH and if
XISH # XISHl x/rIl of shock point from TAPE 22 reaches XISH1. This is
follbwed by all the body and shock points read from the blunt body solution
on TAPE 16. OF these items of information only x/rn, y/rn, S, and P of -
body points and x/rn, y/rn, S of shock points will be used in the
turbulent program.

Tables of body points and shock points are listed as shown in Figure 3.

The nupiber of points in these tables may not exceed 450. The information

given for body points is

XCL x/rn measured on centerline
Y y/rn

S entropy (fte/sec2 °R)

P pressure (Ibf/ftz)

X x/rn measured on surface

The information given for shock points is

¥8 y/rn shock radius

S entropy (ftE/sec2 °R) J
At specified increments of x/rn on the body (XMAXTB, DXLTAB) lineér
interpolation in the tables shown in Figure 3 is performed and the results.

are listed as shown in Figure 4. The pumber of points in these tebles may

not exceed 160. The information given is
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1 x x/r

n
2 2
2 8 entropy (£t /sec” °R)
p] P pressure
L RB r.b/r.rl
5 XC x/rn measured on centerline
6 T ' temperature (°R)
2 2
7 H enthalpy (ft°/sec”)
8 U veloeity (ft/sec)
9 A speed of sound (ft/sec)
10 M mach number
1n RH@ density (1bm/ft5)
12
X x/rn
13 DU/DX du/dr—x velocity derivative
n
1k X . . .
DRHY /DX dp/d;— density derivative
15 n
16 DP/DX dp/d;E pressure derivative
n
17 T
DRB /IX d;;L/d;E body radius derivative
18 n n

19 All the output shown in Figs. 2, 3, 4 is in U. S. customary units.
20

21
oo Stagnation Point Output
23 The information for the stagnation point is listed as shown in

2k Figure 5.

25 30/ heat transfer (kg/m2 sec) (l'bm/_ft2 sec)
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Qg heating rate (W/mg) (Btu/ft2 sec)
These may be output in either ST units (WNI¢ = 1.) or U. 8. customary

units (UNI@ = 2.).

Output Each Iteration

The turbulent boundary layer calculation is initiated at the point
where transition has been determined to start (XMIN) and continues to the
end of the body (XMAXTB(20)). Integration of the momentum equation is
performed by a variable step—size fifth—order Runge XKutta numerical scheme.
After each step in the integration the heating rates are caleulated. The
procedure 1s repeated until the velocity at the edge of the boundary
layer varies from one iteration to the next by less than the allowable
difference {UERR). The output may be in either ST units (UNIg = 1.) or

U. 5. customary units (UNI@ = 2.).

Heating Rates Output

Heat transfer has been caleculated using several different skin
friction theories. There may be cne, four, or eight lines of information
printed as shown in Figure 6. If one line is printed, the theory used isg
Van Driest (Ree}. If four lines are printed, the theories used are
Van Driest (Re@), Eckert's (Ree), Spalding Chi (Ree, ideal gas}, Spalding
Chi (Ree’ real gas). If eight lines are printed, the theories used are

Van Driest (Ree), Van Driest (Rex), Spalding Chi (Rex, ideal gas),
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Eckert's (Rex), Eckert's (ReX ), Eckert's (Ree), Spalding Chi (Ree, ideal

min

gas), Spalding Chi (Ree’ real gas).

The values printed on a line for each skin friction theory are:

RAT
CFMT
CF2
ENST

HBAR

HH

HBCF

QACTE

HHCF

Reynolds analogy Tactor

Mangler transformation factor

skin friction coefficient/2

Stanton number

local heat transfer coefficient (kg/m2 sec) (lbm/ft2 sec)

heating rate (W/m?) (Btu/fte sec)

local heat/stagnation heat

(Y/2 tanh ) term from Eq. (25)

local heat transfer coefficient/Mangler transformation
(kg/me sec) (Ibm/ft2 sec)

heating rate/Mangler transformation (W/mz} (Btu/ft2 sec)

(local heat/stagnation heat)/Mangler transformation

Qutput at Each Integration Step

In addition fto the heating rate information seven lines are printed

at each step of the integration as shown in Figure €. The wvalues printed

on line one are:

¥/L
X
THETA/T,

THETA

distance/nose radius
distance (m) (inch)
momen tum thickness/nose radius

momentum thickness (m) (inch)
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P pressure (N/mg) (Ibf/ftg)

2 RB body radius/nose radius
3 S entropy (m?/secg °X) (ftg/sec2 °R)
b 8/8T entropy/total entropy
5 T temperature  (°K) (°R)
6 H enthalpy (mg/secg) (ftg/secz)
7 H/HT enthalpy/total enthalpy
8 RHg density (kg/mB) (1bm/ft5}
9 The values printed on line two are:
10 RHQ /RHPT density/freestream density
11 U veloeity (m/sec) (ft/sec)
12 1/SQRT2HT velocity/(2*total enthalpy)l/2
13 u/uz velocity /freestream velocity
14 A speed of sound (m/sec) (ft/sec)
15 M mach number
16 MU viscosity (N sec/mg) (1bm/ft sec)
17 RETH Reynolds number based on momentum ihickness
18 REX Reynolds number bhased on distance
19 W wall temperature (°K) (°R)
20 HW wall enthalpy (mg/secg) (ftg/secg)
21 HW /1T wall enthsalpy/total enthalpy
22 The values printed on line three gre
23 RH{fW wall density (kg/mj} (Ibm/ftj)
24 ™ /T wall temperature/temperature
25 TAR adigbatic wall temperature (°K) (°R)
A
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FRTH
FC
CFMT

Ly @

CFI
CF2
HAW
HAW /HT
The wvalues printed
Hp
TP

FRP

INT1

INT2

INT3

FRB

¥, Eq. (22)

Mangler transformation factor

distance from virtual origin

z, Eg. (8)

initial skin frictiom

skin friction/2

adigbatic wall enthalpy (me/secg) (ftg/Sec2)
adisbatic wall enthalpy/total enthalpy

on line four are:

Eckert's reference enthalpy (mg/secg) (ftg/secz)
Eckert's reference temperature (°K) (°R)
Eckert's reference Prandtl nuber

wall Prandtl number

B_., BEq. (10)

IJ

Brrs Eq. (10}

AII, Eq' {10)
Gy Bg. (10)

N exponent in velocity—profile relation

1

[ ol gy
w 275
Pee p.u
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The values printed on line five are:

g
Gosecﬁ%/ﬁgd 5

INTh

INTS

INTG

DEL/L
DEL
RSL
DELS/T.
DELS
¥ /DELS
DSTH

j518)

The values printed

DRE@
DF

DRE

DTHETA

1

0 e e

Je- =)

y

o)
2

e’e
1

S
P la
1

o Ly
_/r 7 %%
o’ o.u

1
Jf pu__ _pu
o on P2y

u
pe

e
d 5}
0

=

)

N

5

(cos ec/rb/rn) a

boundary layer thickness/nose radius

boundary layer thickness

shock radius/nose radius

displacement thickness/nose radius

displacement thickness

distance/displacement thickness

displacement thickness/momentum thickness

X
due/d;—
n

on line six are:

X
a pe/d =
a
x
a Pe/d-;—
n
T
a2 fa g
" n n
a ) /d X
iy r
n n
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(N/m?) (Ibf/fte)
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1 NeT Stanton number

2 HBAR local heat transfer coefficient by Van Driest (Ree)
3 (kg/m2 sec) (lbm/ft2 sec)

b Q - heating rate/stagnation heating rate {(Q/Q0)"

p PEE Prandtl number

6 EKF Karman factor

7 QIN incompressible heating rate (W/mg) (Etu/fte see)
8 QKF Karman factor heating rate (W/m?) (Btu/ftg sec)

g QXTR heating rate from transition Oﬂ/mg) (Btu/ftg sec)

10 The values printed on line seven are:

11 QXMH neating rate from maximum heating (W/me) (Btu/ft2 sec)
12 XC distance on centerline/nose radius
13 RHGUSQ pu? (N/mg) (1bf/ft2)
1% TAU shear stress (N/mg) (lbf/fte)
15
16
Cutput at End of Transition
17
18 In each ilteration, whenever x/rn is within .0001L of ELT a velocity

19 profile is printed. The information printed for all points in the

Gaussian integration is:

21 Y/D y/v, [ 3/,

22 U/ UR velocity ratio

23 I3} enthalpy (m?/secg) (ftg/sece)
2L RH{/RHGE density ratio

25 RH¢U/RH¢E§E density * velocity ratico

174
NASA-langley Form 22 (Apr 69)



W -1 o N s

10

12
13
14
15
16
17
18
19

21
22
23
2k
25

HBAR

Ay + BR(u/ue)CLR
temperature (°K) (°R)

Mach number

Output at End of Iteration

At the end of each iteration the maximum relative error between the

velocities at the edge of the boundary layer of the present iteration and

the previous iteration is printed {(T@LL).

At the end of each iteration two additional lines of information are

printed as shown in Figure 7. The values printed on line one are:

REXZ
X2REX

EN2REX

CEM
CEB

CFZREX

CEMP

CEBP

AMIN

RSIBAV

ENI

{omit in present version of program)

(x/rn>tufb’ distance at end of transition

Nturb’ exponent in veleocity profile relation at end of
transition

Newrp = Ngr

v/ (X/rn)tufb - (x/rn)tr

(Cf/z)tufb’ skin friction coefficient/? &t end of
transition

(Ce/2) e = (Ce/Byy

tanh ¥

(x/rn)tr, distance at start of transition

(omit in present version of program)

Ntr’ exponent in veloecity profile relation at start of

transition
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O @ N A F w D

CPZzI

(cf/e)ﬁr, skin friction coefficient/2 at start of

transition

The value printed or line two is:

REXSAV

R

- local Reynolds number based on surface distance
»

at start of transition

Final Tteration Plotting Output

If plotting is desired, the information in labeled common BLOCK may

be called for in the user's own plotting routine. This block holds all

information from the final iteration. The block containsg:

PLTL
PLT2
PLT3
PLT4
PLTS
PLT6
PLTY
PLTE
PLT9
PLT1O
PLTLY
PLT12
PLT13

PLTIh

X
N
RETH

cr2

DEL
DELS
THETA
H/HT
REX
S/8T
17/uT
RH@/RHFT

o/af

distance (inch)

expeonent in velocity profile relation
Reynolds no. based on momentum thickness
skin friction coefficient/2

maci number

boundary layer thickness (inczh)
displacement thickness (inch)
momentum thickness (inch)
enthalypy/total enthalpy

Reynolds no. besed on distance
entropy/total entropy
velocity/velocity freestream
density/density freegtream

heating rate
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$N 1 Figure 1

XMIN = 0.15E402,

NXLTAB = O0.1E+00, 0,LlE+00, O0.2E4#00, 0.2€+00, 0.5E+00, O0.5E+00, 0.1E+01,
0.1E+01, O0.5E#0ls 0.5E+401, 0.lE+02, 0.LE+02, U.25E€02
0.25F+02, 0.25E402s 0.256402, 0.25E¢02, O0.25E+02, 0.25E+02,
0.25E+02,

XMAXTR = O0.I5E402, O0.16E402, 0.16E402, 0.2€4¢02: 0.2E+02, 0.35E+02s
0.35E+02, 0.65E+#02, 0.65E+02, O0.L156+03, O.115E¢03, 0.215E+03,
0.39£403, O0.39E+03, 0.39E+03, 0.39€+03, 0.39E+03, 0.39£+403,
0.396403, 0.39E+03,

ELT = 0.22301E+03,

X1 SH = Q.2R3E+03,

XLSH1 = 0.283E+03,

XMHL = 0.213E+03,

L = 0,1016E-01,

X2REX = 0.223E403,

RHOUT = 0.TLJ3932045E403,

SHEAR = 0,676136%-05,

e = 0.2755175636E¢01,

FHOT = 0.122546B186E400,

g1 = 0.579674736F +04,

ke = 0.170L24046BE+08,

$7 = 0.1125026085E405,

TT11 = 0.73564+04,

NEL = 0.0y

THE = 0.872664626E~01,

PR = D.72F+00,

Ha = 0.32174F+02,
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CARD

PRINT

ALPHF
TMIN
7 MAX
AN
CN
NN
KN

FRXT

FCXT

FETR

FCTR

TKTAR

PATAR

JalF Dl

DaDs

0.1E+01,

D-UQ 000! 0.0’

0.0 0.0. 0.1E+01.

D1F 01, 0.1F+01, DeQa

0.31623E+02,

D.68133C+03,

0.33333333E+00,

Qa5F+00,

Ve?S5F+00

N.23333333E400,

0e5826F#04, 0.60983E+04, 0.8253E+#04+ 0.1006E+05, Q.1251E+05,
0.1592F+#05s 0.2078E405, 0,279FE+¢05%, (0.3901E+05¢ 0.56T7T9E+05,
0.83697TE+05, 0Q.1417E+06, 0.2492F¢04, 0.4928E+06, 0.1J62E+07,
0.2778F¢0T7s 0.934E+07, 0.4651E+08, 0.461E+0%: 0.5758E+11l,
D.105E~01, Da1E=-01, 0.95E~02, 0.9F-02, 0.858=02+s 0.BE-02:,
G.7SE=02s O0.,TE~02, O0.65E~02, 0.6E=02y 0.55€-02: OC.5E-02
0.45F~02: 0D,4E~02; 0.35E=02, 0.3E«D2, 0.25E«02, 0.2E=02)»
0.15F=02, Q.1E=-02,

0.5046E+02, 0.558TE402, 0.6255E+02, 0.7T091E+02, (0.9249E+02,
0.9562F+02, 0,1144F+03, O0.1404E4#03, OJLTT6E+03, U.233E4+03,

0-3194€403, 0.4623F+03, O0.716E+03, 0.1208E+04, 0.2283E+04,
0.503E4¢04, 0.1386F+05, 0.5425E+05, 0.3955E+06, 0.2878E¢08,

| 0.17326=01, 0.1624F=01, O0.1516FE=01, 0Q.1409E-0is 0.1304E-01,

0.12016E-01, O0.11014E-0l, O0.10042E-01s 0.9105E-J2., 0O.82u5E-02,
0. T345E-02y 0.6526E-02, O0.5T4TE~02, 0.5006F-02, 0.4299E-02,
0.36215-02, 0.2967t-02, 0.2333FE-02, 0.1716%-02s 0.L1117E-02

N.5E+03s 0.16404, O0.15E404, O0.2E+04, 0.25E+04, 0C.3E#*04,
Ne35E+04%4, 0.4E+04s 0.45FE#04s 0.5E+04y 0.55E404s JebErd4a,
0.65E+04, Q.7E+04, O.75E404, 0O.BE+04,s 0.85E+04s 0(FE+04.
0.95F+04, Q.1E+05, 0.105E+05. O0.11E+05, O0.1i5E+05, 0O.1ZE*05,
J.125E#05, 0 13E+05, Cu135E+05, O.14E+05, O0.145E+#05, 0.15E+05,

0.101325F402, 0,101325E403, 0.101325E¢04,  0.101325E+05.
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PRTAR

NXINT

XINT

0.101325F+06, 0.101325E407, 0.101325€E+08,

0.738E+00s 0.T56FE+00s OQ.TOHTE+0Q, 0.614FE+00, Q.7TLE+D0Dy
3. TL4E&00, Q.6Q06E4¢00, O0.58T7TE+00, 0.T64E+00, (0.993E+00,
0.,8715+00, 0.3845+¢00, 0,348F400, O.3I3TE4+00, (U.33E+00
0.318E+00, O0.2T6E400, 0,1983TE+00, 0.114FE+00, 0.57F7E-0l,
D.312%=01, 0+207E=01y 0.157E~01s 0.132E-01l,y Q.12E-0L+«
Del18F=01y 0.1096=01y 04109E~01, 0,109E=01, Q. lU9E=01,
Q.738E%00s O.756E+00y Q.TOTE+D0s D.66B8E+00y 0.65%4:¢00
0.T4SE+030: 0.6535¢00, 0.58E+00, Q0.6L1E+00, O.T799E+0D.,
.989%+00N, 0e891FE+004 0.383E+00, 0.346E+00, Qe334E+0 D,
D.328E+00%, 0.321F4#00y D.IOTEHD0, DL2TIE40D, 0OL21E+Q0«
0.1427T%+00, 0.87F=01,y 0.503F-01, 0.3215~-01l, U.213E-01,
Vel66E~31y Ja142E-01y 0.13E=-01l, O.119E-01, O.ll4E-0l.
N.738F+00s 0.T56E+00, O.T6TE+D00y 0,T24E+00, O0.61LE+DQ,
DTHE4DD,y D,T3TE+00s D4619F400, Q.578E+0Qs 0.624E+00«
0.7B83E+00, 0.96%F+400, 0.955E4+00, 0.83%3FE+00, 0.35€+00, 0.332€¢00,
0.324F400y 0.32E400, 0.316E+400s J.313E400s 0o284E+00
0.246E400, 0.1945E+00y 0.1409E+00y (Q.949F=01,s U.034E-0l,
D.416F=01,¢ 0.293F~01r Du202E=01s D.119E=01y Q.T73BE+J0
Q.7T56F+00s 0Q.7THTE400, O THEEF+00, 0.645F+00y Q.636E400,
D.T44FE+00  0.TS9E400y  0.HLE+I0s  D.581E+0Q: JebLTE+IU
D.726E+00. D.906E+00, 0.986FE+00, D,969E+00, 0.0%98E+00,
0.338E40N0s 0.321FE+1n0, 0.314F+00, O.31E+00, 0.309E+00
De302E+00y 0.293F+00,y 0.2TEE*00, D.25F200, 04215E+DU .,
DJ1733FE+00, 0.13385+00y 0.903E-01s O.TL9E~Qls 0Q.738E +0U,
DeTSEE+DIy  0.THTE4+00, 0 TI3EXDD, 0.696E+00+ 0.627E+0 0
N.665+00, O0.TH2E+00, C.T7S52E#400, O .H11E+00; 0,583E¢00¢
Deb02F+20, 0.6TIF+00: 0.T96E#D0: D.927TE400, 0Q.983E¢00,
0.943E+00, (.BOTE+00, 0.33E+00, 0.308FE+00, 0.301E+00,
DaZ296E#00s  (.299%9E+00, Q.293E400, 0Q.29E+00¢y Q.284E*J0
De2THE+00, 042634009 Q. 23TE+00, 0,22E+00, 0.73BE+00«
JoTS6E4+00y D T6TEXDDy  Q.TT3E#00, OD.TS51E#00, Q. 68E#00
0.63154¢00, De662E4+00, Q. T43IE+00, D.T67E¢0Cy Q.62E+00,
0.592E+00, 0.592F+0Q0, QJ.62E+00, J.6BBE+00, OQ.7HBE+*QJ.
D.891FE+#00: 0.9615+00, 0.956E+00, O0.872F+00, O 3LE+U0»
02945400y Q,284E+00, Q. 27TE#00; 0Q.2T2E+00s Q.272E+00y
O«Z2TE¢00, 0.269E+400, DL.265FE+00, 0D.263E+00, D.738E%00,
0.756C+00, (.76TE+00, O.TTIE+00y O0.762FE+00, O0.74E+0D

0. 6THE®QQ0, Q.64E¢00, 0,654F+00s OQ.TO0ZE+00, O .T4BE+00,
07635400, 0.61E¢00, 0.593F+00, 0.595C+00y 0.62E+00s 0.666E+00,
DaTIF+00, OQ.BOHEFOD, O0.886E+0Dy OQL.93TE+Q0, 0D.955E+00
0.947F+00, 0.908F+00, O,.TZBF+00, O0,275E%00y Q.251lE+00,
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FUNCTION DIF

LANGUAGE: FORTRAN

PURPOSE: This is a function subprogram which differ-
entiates the function et any given point
in a tabdle of supplied values.

USE: R = DIF (L, M, NP, VARI, VARD)

L An integer, the point at which the
function is differentianted.

M An integer from 1 - 5 to determine the
pecint formula, N, where N = 2M + 1.
If M is not in this range, the deriva-
tive is set to INDEFINITE.

NP An integer, the number of points in the
table,

VARI A one~dimensional array of the independent
veriable, '

VARD A one-dimensional array of the dependent
variable,

R The result,

RESTRICTIONS: The maximum N for the formula (see Method
below)} is 11, that is, M may not exceed 5,
The differentiation is indefinite for an
invalid M.

The answer will be I, indefinite, for M
out of range or N> NP.

The two arrays must be dimensioned iwe the
calling program as indicated: VARI(NP),
VARD(NF),

METHOD: The Lagrangian N-point formulas (N always odd)
is used,
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DIF
dY j= i=an .
= Yi
ax 0 (e = %) [ Z_Z F;Jm; +
Y JE: -1
k (Xk - xJ) 17k
where
Dig = (xk - xi)Pi(xi) (i#k)
J=n

Pi(xy) = no(x; - xj) (3#1)
K points are required to differentiate
vhere N is odd. N =2%M+1, M = (N -~ 1)/2
The following table shows the value of the
discrete point, 1., the wvalue of k, and the
points used for the differentiation.
KP = last point of the table,

L . K. POINTS FROM TABLE

1y 25, « .« . M#) L i, 2, . . . N

M+2, M+3, . . . NP-M M+1 L-M, . . . L*M

KP-M+l, NP-M+2, , . . NP L-(NP-N) NP-H+1, NP-N+2, . ., . NP

ACCURACY: The accuracy is a function of the chosen
M and the pumber of points in the supplied
tables.,

REFERENCE: K. L. Neilson, Methods ip Numerical Analysis,
pp«+ 150-15%4

STORAGE: DIF 21?8 locations

SQURCE:. NASA, LRC, Vivian P. Adair

RESPONSIELE

PERSON: Vivian P. Adair
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FUNCYION DIF (LeMeNP,VART .VARD)

niF
DIF

THIS FUNCTION SUBPROGRAM FINDS THE DERIVATIVE AT & GIVEN POINT,DIF

Ls FOR THE DESIRED X AND Y IN A GIVEN TABLE.
LAGRANGIAN FORMULA IS USED WHERE N IS5 0ODO.

[N
"]
NP=
VART =
VARD

[}

]

INTEGER,
INTEGER,
INTEGER,
ARRAY
ARRAY

THE POINY NF X AND ¥ AT WHICH DERIVATIVE

1-5,

DIMENSION VARTIINPY,

TO NETERMINE THE POINY FURMULAS
THE NUMBER OF POINTS IN TABLE OF vAIIABLES
NF INDEPENDENT VARTARLE, Xe
OF DEPENDENT VARIABLFE, Y.

VARDANPY 4

nIF=N17770000000000000000

IF {(M.LT.1)
N=2=xM+]

IF (MuGT.54NR.NuGT.NP} RETURN

Ml=M+1
MZ2=NP-M+1
K=l

RETURN

X(11d,

IF {L.LE.ML.OR.NLEQ.NP) GO TO L

X=M1

IF {L.LT.M2' GO

K=L~{NP=-N}
MX={-K

N 2 J=1 .M
My=MxX4]

X[ Jy=VAR Tt M])
Y{3)=VARDI(M))
A=1.

B=0.

£L=0.

DO & J=1,.N

0 1

IF (J.EQ.K} GO TO &

p=1u
NG 3 I=16N

IF (1.£Q-3) GO TOQ 3

P=oa{X{ J)=-X{1})

CONTINUE
T=x(Kbi=-x10}

R=R+Y{J}/{P%T}

196

Y{l11}

VAR LINF &
VARD (NP}

Nﬁ

THE N=PCINT

[S FOUND
N=2%M=1]

DIF
niF
DIF
DIF
DIF
DiF
DIF
Dif
NiF
O1F
DIF
DiF
DIF
NiF
DiF
DiF
NIF
DIF
nIF
DIF
DIF
DIF
DIF
DIF
D1F
DIF
DiF
NiF
DIF
DIF
niF
DIF
DIF
DIF
niF
DiF
DIF
DiF
DIF

LD~ O e



A=pA®T

C=C+l.rT
CONTINUE
DIF=A%R+V{K) %
RETURN

END
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SUBROUTINE DISCOT

LANGUAGE: FORTRAN

PURPOSE: SINGLE OR DOUBLE INTERPOLATION SUBROUTINE FOR
CONTINUOUS QR DISCONTINUOUS FUNCTIOXS

Given some function with two independent variables,
x and 2z, this subroutine performs Kyth and K, th
order interpolation te ealculate the dependent
variable. In this subroutine all single line
functions are read in as two separate arrays

and all multi-line funections are read is as

three separate arrays, i.e,

Xy i=1,2, .. .0L
Yy J=1,2, .. .M
Zx k=1,2, .. .N
USE: CALL DISCOT (XA, ZA, TABX, TABY, TABZ, NC, NY,
NZ, ANS)

XA -~ The X argument.

ZA - The Z argument {may be the same name as X on
single lines).

TABX « A one-dimensional array of A's,
TABY -~ A one-dimensional array of Y's,
TABZ - A one-dimensional array of Z's.

NC - A control word that consists of a sign and three
digits. The control word is formed as follows:

{1} If NX = NY, the sign is -. If NX # NY, NX
is computed by DISCOT as NX = NY/NZ. 7The
sign is + and may be omitted if Resired,

(2} A 1 in the hundreds position of the word
indicates that no extrapolation occurs
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DISCOT

RY -

NZ -

ANS -

above Z mex. With a zero in this position
extrapolation occurs when 2 >Z max. The
zero may be omitted if desired.

(3) 1-7 in the tens position of the word indi-
cates the order of interpelation in the
X direction,

(4} 1-7 in the units position of the word
indicates the grder of interpolation in
the Z direction.

The number of points in the Y array.
The number of points in the Z array.

The dependent variable Y.

The following programs will illustrate various
ways to use DISCOT,

Case I. Given Y = f{x)

BY = 50

NX (number of points in X array) = NY
Extrapolation when Z > 2 max

Second order interpolation in X direction
No interpolation in 2 direction

Control word = 020

1. DIMENSION TABX (50), TABY (50}
1 FORMAT (8E 9.5)
READ (5, 1) TABX, TABY
READ (5, 1) XA
CALL DISCOT (XA, XA, TABX, TABY, TABY,
-020, 50, 0, ANS)

Case II Given ¥ = fi{x, z)

¥Y = 800
NZ = 10
NX = NY/NZ (computed by DISCOT)

Extrapolation when 2 > % max

Linear interpeolation in X direction
Linear interpolation in 2 direction
Control word = 11
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DISCOT

DIMENSION TABX (800), TABY {(800), TABZ (10}
1 FORMAT (8E 9.5) '

READ (5, 1) TABX, TABY, TABZ

READ (5, 1) XA, ZA

CALL DISCOT ( XA, ZA, TABX, TABY, TABRZ,

11, 800, 10, ANS}

Case III. Given Y = f{x, z)

NY = 800
NZ = 10
NX = NY

Extrapolation when Z >»Z2 max

Seventh order interpolation in X direction
Third order interpolation in 2 directioen
Control word = =73

DIMENSION TABX (8c0), TABY({800), TABZ (10)
1 FORMAT (8E 9.5) _

READ (S, 1) TABX, TABY, TABZ

READ (5, 1) XA, Za . ,

CALL DI18coT (XA, ZA, TABX, TABY, TABZ,

-73, 800, 10, ANS)

Case IV. Same as Case III with no extrapolation above
Z max. Control word = =173

CALL DISCOT (XA, ZA, TABX, TABY, TABZ, -173,
800, 10, ANS}

RESTRICTIONS: See Yc of METHOD for restrictions on tabulating
arrays and discontinuous functions. The order
of interpolation in the X and Z directions may
be from 1-T.

The following subprograms ere used by DISBCOT:
UNS, DISSER, LAGRAN.

METHOD: Lagrange's interpolation formula is used in both
the X and 2 direction for interpolation. This
method is explained in detail in Methods in Numeri-
¢sl Analysis by Nielsen. The search in both the
X and Z direction observe the following rules:

1. X <X31 the routine chooses the following points
for extrapolation.
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DIsSCOT

o . = s e Yk+l

2. X th the routine chooses the following
roints for extrapolation.

xn*k, Xn_k+1, . . . cxn Yn_kg Yn_k+l! . . Yn

3. X £ X, the routine chooses the following
peints for interpolation.

k is odd X X

P ¢
i-k+l’

i-k+1%1°

k Is even Xi X erwns X

__lia i-,}_(,+l'
2 2

Yy Yaokens oo Yipay
2 2

2

L, 1If any of the subscripts in Rule 3 become
negative or greater than n (number of peints),
Rules 1 and 2 apply. When discontinuous
functions are tabulated, the independent
variable at the point of discontinuity is
repeated, i.e.

k = 2 (X, xe,x3,x3,xh,x5,Yl,xe,y3,rh,35,36) .

The subroutine will sutomatically examine the
peints selected before interpolation and if
there is a discontinuity, the following rules
epply. Let X, and Xa+1 be the point of
discontinuity.
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DISCOT

X<€X_ points previously chosen are modified
for interpolation as shown

Xa-k ¥gqoks1s - o . - Xy

Yd-k, Yd_k+l, - 3 - - Yd
X >Xd points previously chosen are nodified for

interpolatiqn a5 shown

X

.xd+l' Xd+2’ » - 3 - d"’k

Yae1ls Yasos « « o Y4y

‘When tabulating discontinuocus functions,

there must always be k+1 points above and
below the discontinuity in order to get
Proper interpolation.

When tabulating arrays for this subroutine,
both independent variables must be in
ascending order.

In some engineering programs with many tabvles,
it is quite desirable to read in one array of
x's that could be used for all lines of =
multi-}ine function or different functions,

The above not only saves much time in Preparing
tabular data, but can 8lso save many locations
Previously used when every y coordinate had

to have a corresponding x courdinate. Even
though the above is not elways applicable,

the subroutine has been written to handle this
situation,

Another additional feature that may be userful

is the possibillity of a multi-line funetion
with no extrapolation above the top line,
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Discor
ACCURACY: A function of the order of interpolation used,
REFERENCE: Nielsen, K.L.; Methods in Numerical Analysis
STORAGE: DIsCoT - 5558 locations
SUBPROGRAMS
USED: UNS k0 locations

DISSER 1107 locations
LAGRAN 558 locaticns

OTHER CODING
INFORMATION: NONE

SOURCE: SHARE Library, General Motors Corp., Allison Div.
RESPONSIBLE
PERSON: Vivian P, Adair
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SUBROUTINE DISCOT (XA, ZA,TABX,TABY, TABZ/NC+NYNZ,ANS)

DIC

k%% DOCUMENT DATE 08-01=-68 SUBRODUTINE REVISED 08-01-68 *démkxx®xxQJ(C

THE DIMENSIONS IN THIS SUBRDUYINE ARF ONLY DUMMY DIMENSIONS.

NIMENSINN TABX{2), TABYIZ). TABZ{2), NPX(8), NPY{B},

DIMENSION TABX{2) ,TABY{291,TABZI{2) ., NPXLB),NPY(BI,YY(8)

CALL UNS INCsIA+TOXHIDZ,IMS)

I (NZ=1) 1,1.2

CALL DISSER [(XATABX{1)e14NYIDXNN)
NNN=TDX+1

CALY LAGRAN IXA,TABXINN) . TABY[NN) 4NNN,ANS)
GO TO 12

TARG=1ZA

IPLX=10X+1

IP12=1D7 +1

TF {78 3,%,3

TF (7ARG=TABZINZIY) S5+5:44

TARG=TABZ{NZ}

CALL DISSER {ZARG,TARZ(1) ol NZIDZNPZ)
NX=NY /NI

NPZIL=NPZ+1DZ

I=1

IF 1IMS) 6,56.8

CALL DISSER IXA«TABX{LDleleNX IDX NPXIL1))
DO 7 JJ=NPZ . NPTL

NEPY T = Jd—=1 Y NXe+NPX( 1)

NPX{[I=NPX{1}

I=1+¢1

GO 10 10

DO 9 JI=NPZ.,NPTIL

1S=() =10*NX+]1 :

CALL DISSER (XALTABX(1),ESNX, IDX ,NPXIT})
NPY(T)=NPX{1)}

[=1+1

DO 11 LL=1l,IPL]

NLOC=NPX {LL )

NLOCY=NPY{LL?}

CALL LAGRAN { XA TABX{NLOC )} TABYINLOCY) IPIX,¥YLLL})
CALL LAGRAN (ZARG,TABZINPZ),¥YY{Ll)}, IP17,ANS)}
RETURN

END

20L

DIC
Dic
DiIcC
nDic
DIC
pic
DIC
01C
DIC
(3] 0
DIC
Dic
DiC
pIrc
o1c
nIc
DIC
DIC
DIC
D1C
DIc
aIc
Bic
Dic
01c
DIC
DIC
01cC
DI1C
DIC
DIC
DIcC
GIC
DIc
DIC
D1c
DIC
pIcC

DD VW



1 DISSER.~ Library subroutine used by DISCOT.

W =3 W AN

10

12

13
14

15
16
1T
18
19

21
22
23
24
25
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SURRNDUT INE DISSER (XA.TAB, T4 NX4IDNPX)

DIMENSION TAR(2)
DIMENSIGN TAB(2)
NPT={0F1

NPRA=NPT/ 2

NPU=NPT=NPB

TF (NX=NPT) 2,1,2
NPX=I

EETURN

NLOW=I+NP8
NUPP=[+NX=(NPU+1}

Ny 3 TI=NLOW,NYPP
NLOC=1T

IF {TAR{IT)-XA) 34444
CONTINUE

NP X=NUPP-NPR+1

RETURN -

NL=NLOC-NPB

NU=NL¢ID

ng 5 JI=NLNU

NDIS=J)

IF (TAB(JJ)=-TABLJJ+1)} S5,6,5
CONTINUE

NP X =NL

RETURN

1F (TABINDISI~XAL B8:7TsT
NP X=NDIS=-[D

RETURN

NPX=NDJ S+1

RETURN

END
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SUBROUTINE INT1A

LANGUAGE: FORTRAN

PURPOSE:; INT1A is 2 closed subroutine for the solution
of & set of ordinary differential equations.

USE: The calling sequence is identicel to INT1
except thet the VAR and CUVAR arrays are
single precision.

A general guideline for selecting the better
subroutine is to use INT1A when the ELEL
values are set to .1 X 10-8 or larger. 1In
those cases the word length of the CDC 6000
series computers affords adequate control

of the rounding error without the "partial
double precision mode of operation.”

RESTRICTIONS: See INT1.

METHOD: This subroutine is identical to INT1l except
that the "partial double precision mode of
operation™ has been eliminated.

ACCURACY: See INTI.
REFERENCES: See INT1.
STORAGE: INT1A 2557g locations
SQURCE: NASA, LRC, Jules J. Lambiotte
RESPONSIBLE

PERSON: Jules J. Lambiotte
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SUBROUTINE INT]1

LANGUAGE: FORTRAN

PURPCSE: IRTYl is a closed subroutine for the solution of
a set of ordinary differential equations.

USE: CALL INT1 (II,N,NT,CI,SPEC,CIMAX,IERR,VAR,CUVAR,
DER,ELE1,ELE2 ,ELY ,ERRVAL,DERSUB, CHSUB, ITEXT)

II - INTl is composed of an initialization
section and an integration section,
The user is required to enter the
initialization section before he starts
his first integration step. The above
calling sequence is used for both
initialization and integration with the
value of the code word Il determining
which of the two sections of INTl
will be entered.

The wuser must set II = 0 in order to
initialize.

During initialization the derivatives
will be evaluated using the initial
values of the variables but no inte-
gration will occur and control will
be returned to the calling program.
WhHen INT1 is called with II > Q,
entry is made to the integration
section, Upon each entry to INT1l, the
subroutine stores a 1 in II so that
the users need not supply a value of
I > 0 for repetitive integration,

Besides serving as a means for speci-
fying the entry point to INT1 fronm
the calling program, II can also be
set to specified values in CHSUB to
~accomplish the -following;
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Ir
eit

The user will store the integer 2 in II
if the answers in CHSUB are not accept-
able to him and he wishes to recompute
the answers using a shorter interval.
This shorter interval must be stored

by the user in €I, It must be smaller
than the computing interval Jjust used.

The user will store the integer 3 in 11
if he wishes to return to the calling
program, The answers for the interval
are considered acceptable to the user
end will be transferred to the VAR
array {explained below) by INT1,

Ir DERSUB II may be set to:

The user will store the integer 4 in II
if he wishes to discontinue calculation
of the present interval and return to
the calling program. On return to the
calling program, the ansvers at the
beginning of the interval will still

be in the VAR array.

the user does not set Il to & value in
her CHSUB or DERSUB, II will always be

1 upon the return to the calling program.

N -~

T -

cI -

An injeger value supplied by the user
which is the number of differentieal
equations to be solved, IRT1 is
compiled to solve a maximum of 20
equations but may be recompiled for
larger valueo of B if nacessary.

An integer value supplied by the user
which is the number of values in the
ELT block described below, IRT1 is
compiled with a maximum of 10 values
in the ELT block but may be recompiled
for more values if necessary.

A floating point value supplied by the
user which is the computing interval
INT1l will use Initially. CI must be a
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signed wvalue, positive if integrating forward,
negative if integrating backwards. Upon entry to
CHSUB, CI will contain the computing interval
that INT1 will use for the next step unless

it has to take & short interval to hit an

ELT value or a SPEC value described below.

The computing interval used on the present
step is avellable in CHSUB as the algebraic
difference between CTUVAR (1) and VAR (1).
Since the subroutine is used on a binary
computer and the interval variation is =
halving anf doubling process, CI should be

a power of 2.

SPEC -~ A floating point value supplied by the
user which specifies how often he wishes
INT1 to return control to the calling pro-
gram so that the user may print his results.

SPEC = 0.0 - Contrel will be returned after
every acceptable integration step.

SFEC > 0.0 -~ SPEC is the absolute value of
the specified increment of the
independent variable for which
the user desires control) returned
tc the calling program.

The first printout is made at the initial value
of the independent variable. The next return is
at the nonzero integer multiple of SPEC closest
to the initial value of the independent variable,
The remaining returns occur at values which have
been updated from this point by the increment

given in SPEC., The return times generated by the
increment given in SPEC are not altered by an inter-

vening return due to an ELT value (explained below).

CIMAX - A floating point value supplied by the
' user which is the absolute value of the
maximum computing interval that will be

used, This value will be used if the
deubling process would extend the com-

puting interval to a value larger than
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INT1

CIMAX. CIMAX should be set to 0.0
if there is ne desired maximum,.

IERR - An integer value supplied by INT1 as
an error code, It must be thecked at
every return to the calling program.
It may have the following values:

1l A normal return, no error.

2 The ELT block is not monotonic in
the direction of integration.

3 The variables have failed to meet
the local truncation error require-
ments nine consecutive times. The
answers at the beginnipng of the
interval are still in the VAR array.

h The variables have failed to meet
the local truncation error require-
ments at leest nine times over the
last three intervals, An acceptable
answer has been reached, however,
and is in the VAR array.

VAR - A double precision cne-dimensional array
containing the independent variable
followed by the N dependent varisables.
The user must store the N+l initial
values {(in the double precision mode]
in the erray for initialization. INT1
will store the new values of the veriables
in VAR after each integration step vwhen
they are accepted by the ruser in CHSUB.
The elements of the VAR block can be
printed out in the calling program in
accordance with the user's specification
in SFPEC.

CUVAR - A dguble precision one~dimensional array
which is given wvalues by INT1 for two
purposes, INT1 will store in the same
order as the VAR array the values of the
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INT1

independent variable and N dependent
variables at which it wishes the deriva-
tives to be evaluated in the DERSUB
subroutine. Although CUVAR must be in

a double precision array in INT1 to main-
tain the "partial double precision mode"
of' computation, the evaluation of the
derivatives should be in single precision.
Tvo suggested ways of doing this are asg
follows: (1) Consider CUVAR as a single
precision array of 2(K+1) elements in the
DERSUB subroutine and when using the ith
element in a computation subseript it
with the value (2i-1). (2) At the begin-~
irg of the DERSUB subroutine, transfer
from CUVAR to some newly defined single
precision array and evaluste the deriva-
tives using the latter.

INT1 will also store the tentative answers
after each integration in the CUVAR array
before calling CHSUB so¢ that the user can
check these values to decide to accept or
reject the answers. If accepted, the CUVAR
values will then be transferred to the VAR
arrey. The decision as to whether the
computation in the CHSUB subroutine should
be done in single or double precision is a
function of the individual application, In
moest cases single precision is adegquate angd
can be accomplished by applying the above
suggestions to the VAR and CUVAR arrays.,

No values nesd to be initially stored in CUVAR.

An N+ 1 single precision array in which the
user will store the derivatives evaluated in
DERSUB. The derivatives should be arranged

by the user in DERSUB in the same order as

the VAR block so that DER (2) will be ihe
derivative of the variable stored in VAR (2),
ete. DER (1) will be unused. The derivetives
must be computed using values of the variables
which have been stored in CUVAR (not VAR)
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INT1

by INTi. To avoid unnecessary double
-precision computation the user should
apply the suggestion described under
CUVAR,.

ELEl - A cne-dimensional array of N vealues
supplied by the user each of which
is the upper bound of local relative
truncation error for the respective
dependent variables. If the error
for any variable exceeds its respec-
tive ELEl value, the computing in-
terval is halved and the integration
restarted at the beginning of the
present interval. if the error for
2ll of the varisbles is less than
1/128 of their respective ELELl values,
the computing interval is doubled for
the next integration step.

ELE? - A one-dimensional array of N values
supplied by the user which represents
a small value or "relative zero" for
the respective dependent variables.
If the absolute value of any of the
variables is less than its respective
ELEZ2 value, the relative error criteria
for that variable will not be applied.

ELT - A one-dimensional array of KT values
supplied by the user which are values
of the independent variable at which
the user specifically desires control
returned to his program. The wvalues
in the ELT block munt he monotomic
in the direction of integration or an
error return will be given by INT1.

ERRVAL - A one-dimensional array of N elements
in whiech INT1l stores an estimate of
the local truncation error for each
of the N dependent variables. The
relative errors are computed from
these wvalues and compared with
the specified ELEl values.
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DERSUB - The name of & subroutine written by the
user which will be called by INT1 to
evaluate the derivatives, The deriva-
tives . must be stored in the DER array.
INT1 will cell DERSUB to evaluate the
derivatives with the velues of the varia~
ble it has stored in the CUVAR array.

These eveluations should be done using
single precision arithmetic. The name
given to the DERSUB subroutine must

appear in an EXTERNAL statement in the
calling program. The user may return

to :he calling program by setting II -
to 4. =

CHSUB - The name of = subroutine written by the \\\
user to allow certain logical cantrol.
After each integration step, INTY will
meke aveilable tc the user in CHSUB the
tentetive enswers in the CUVAR array.

The VAR arrey will contain the last
accepted answer (that is, the value of
the variaebles at the beginning of the
interval). Whenever the user specifies
the ansvers are acceptable, the velues

in the CUVAR bdblock are transferred to the
VAR block. In CHSUB the DER block will
contain the values of the derivatives
evaluated with the present CUVAR block,
The user has three options:

1. HNot change IX, II = 1 is congidered
by INT1 to .denote that the user has
accepted the ansvers in the CUVAR
block. II alwagé equels 1 upon
entry to CHSUB from IHNTI.

2, Set II = 2, The user does not sccept
the answers and wishes to recompute
the interval using a new computing
interval which he stores in CI.. This
computing interval must dbe smaller
than the computing interval just used.
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INT1

This new value of CI will now be
stored by INT]l as the normeal com-
puting interval for the subsequent
integration steps,

3. Set II = 3. The user accepts the
answer but wishes to denote a con-
dition that he can test in the
talling program, Control will be
returned to the calling program with
the answers in the CUVAR array trans-~
ferred to the VAR array.

The name given to the CHSUB subroutine
nust appear in an EXTERNAL statement
in the calling program,

ITEXT -~ Ar integer code word supplied by the usger
which gives him the option to have INT1
print out e time history of the computing
interval snd the reasons for its varistion.
This print out should be requested only
for problems whieh must be rerun due to
unsatisfactory results the first time,

0 No printout requested .
1l A printout reguested

ITEXT
ITEXT

RESTRICTIONS: See arguments listed under CALL statement.

METHOD: INT1, written in coordination with the
other integration subroutines in the INT(x)
common usage series, is g fifth--order integra-
tion subroutine, The classicel fourth-order
Runge~Kutta formule is applied in conjunction
with Richardson's Extrapolation to the
Limit Theory. INT1l is a variable interveal
s8ize routine in which the interval is varied
to meet a specified local relative trunca-
tion error,.

ACCURACY: The variable intervel size mode of logic is
used to make avajilable an estimate of the
local relative truncation error which is
then controlled as explained im the ELEl
block discussion,
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INTL
Roundoff error is controlled by use of the
“parﬁial double precision mode of computs-
tion as explained in Reference (1}.
Henrici, Peter (1962): DISCRETE VARIABLE

METHODS IN ORDINARY DIFFERENTIAL EQUATIONS,
John Wiley and Sons, New York.

INT1 27038 locations

NABA, LRC, Jules J. Lambiotte

Jules J. Lambiotte
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SUBROUYINE ENTLA {ITT4NyNT,CI ¢SPEC,CTMAX, TERR,VAR, CUV AR s DER,EL E1, EL INT

1E24 FLT4ERRVAL 4 DER SUBCHSUB 41
*%% NOCUMENT DATE 08-01-68

DIMENSION S1VAR{20), SELEL(ZO),

TEXY)

INT

SUBROUTINE REVISED 08-01-68 %%k isxnek|NT

1(21), SDY(20), SOYLL20), YINCRIZO),

ELEX(20),s ELC2{20), DER{Z21})s FDERVINT

ERRVAL (20, ERVIVH{20), ELT{]1O0INT

2¥s SELT{13)+ RELMIN{20), STEP{3) INT
DIMENSTON VAR({211,+ CUVAR{Z1} INT
INTEGER TEX{15) INY
INTEGER CODE, TPSH,SUMHAF . STEP,TEST,DCONE INT
REAL K1 INY
AEGIN INITIALIZATION TINT
I (11.6T.0F GO TO 19 INT
TP=0 INT
SSPEC=SIGN(SPEC.C 1 INT
SCIMAX=S IGN{CIMAX.CD) INT
VAR I=VAR (1} INT
IF (CI1,£Q.0.0) GO TO 18 INT
IF {(SSPFCL.EQ.0.0) GO TO 4 INT
1F (ARS(SCIMAX},.GT . ABSISSPEC) . OR.SCIMAXLEQ.0.0) SCLIMAX=3SPEC INT
TESY TO SEF IF VAR 1S IFRO INT
IF (ABS{VARL}).GT,1.0E-11) GO TO 1 INT
TP=8SPEC INT
GO TO 4 INT
K1=0.0 INT
GO TOQ 3 INT
K1=1.0 INT
TP=VAR1-AMOD(VAR1,SSPEC) INT
IF [ABSE{ TP=~VARI).LT,.1.,E~12} Kl=}.0 INT
To=TP+K]1 *SSPEC INT
IF TARSIUL{TP-VARLI/VARLI)LTalaF~111 TP=TP+SPEC INT
TEST FOR DIRECTION NF INTEGRATION ’ . INT
Ki=1,.,0 INT
IF (CT.LT.0.0) Kl==1.0 INT
CIK=C %K1 INY
CIMAXK=SCIMAX®K] INT
TPE=TP®KY INT
VARK=VAR }%K1 INT
SFY Up STNRAGE FNR TNTERNAL USE INT
NP 1=M+] INT
NEL T=1 INT
REMAIN=0 .0 INT

-3 - T R VO L ]



16

17

NHAF=0

NTS=NT

SUMHAF=D

LOOP=0

N1 5 [=1,3

STEP(I)=0

TERR=]

DO & [=l.NP1
CUvAR(II=vVAR( 1)

oo T I=leN
SELELCT ) =ELELIT)

IF (NT.EQ.0) GO TO 11
IF (NT.EQ.1) GO TO 9
NTM1=NT=-1
ELTK=K1*ELT{1}

N2 8 Tel.NTM1
FLTK2=K1*ELT(T+1}

IF {(ELTK.LT.ELTK?}) GO T 8
0 TO 97

FLTK=FLTK2

CNONTINUE
ELTK=KL*ELTINELT]}

IF (VARKJLTLELTK) GO TO 10
[F {(NELTL.EQ.NT} GO TCQ 11
NFLT=NELT+1

GN TN 9
NELTL=NT=NELT+]

G0N YO 12

NELTL=0D

N 1% {=1.N

REL MINT] I=SFLELE 1 ¥/128.0
IF (NT.EQ.0} GO 7O 15
N 14 I=1,.NT
SELT{IS=ELT{T)

CALL DERSUB

IF {11.EQ.4) GO TO 87
0O 16 I=1.N

FOERVIT }=DER( T+1}
t1=1

TEST=D

no 17 1=1,15

TEXLD =0

TEX(lI=1]

218

INT
INT

INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
iNT
INT
INT
INT
INT
INT
INT
INT
INT

ENT
INT
INT
INT
INT



18

20

2t
22
23
24

25

TEX(2)=1
KK3=1

IF

(YTEXT) 93,R3,93

PRINT 100
sTae

END OF INITIALIZATION

1=

1

TPSH=0

LTSH=D
VARK=VAR [ 11%K1
CIK=CI#K1

S1=

IF

KK =

IF
IF

VARK+CTK

(SSPEC.EN.0.0) G0 TO 28
1

(NELTL.EN,.01 GO Tn 21
{ELTK-TPK) 20,20,21

CV=FLTK
ConE=1

60

cv=

0 22
TeK

CODE=2

IF
1F
IF
IF
1F
iF

{ABS(CV).LT.1.F=-12) GO TO 27
(CV=S1) 24,24,23
(ABS({CV-S511/CVD}.GF..1E~11) GO
fNELTL.EQ.O) GO TD 25

TG 36

{ABSE(ELTK-TPK}/CVI.LT..1E=-11) GO TO 26

(CONELEQ.1) GO To 32

DX=TP=YAR(L}
TEX{5}=1

TPp=

TP+3SPELC

TPK=TPEK]
ToSH=1

GO

T0 37

SHORT INTERVAL DUE TO AOTH
TP=TP+SSPEC

TEX 6=

TPK=TP*K1

TPSH=1]

GO
1F
1E
1F
IF

T0 32

HERE CV I3 LIKELY ZFRD
{CODELEQ.1) GO TO 26
{NELTLLENL.O} GO TO 25
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INT
INT
INT
ENT
INT
INT
INT
INT
INT

INY
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INTY
INT
INT
INT
INT
INT
INT
INT
INT
INT



29

30

31

33

34

35

36

IF (ABS(ELTK).LT.1.0E~12) GO YO 26
G0 YO 25

SPEC IS ZERO

IF (ARS(REMAIN}.GT..1E~11} GO YO 34
IF INELTL.EQ.O} GO TO 33

TF (ABS{FLTKI.GE.1.F~-12) GO TO 30
IF (51.LT.=1.0F=12} GO TO 33

GD TO 32

S2=ELTK-51

IF (52} 32,32.31

IF (ABS({S2/ELTK).{T.1.0E~12) GO TO 32

GO TO 33

SHORTINTERVAL [S DUE TO ELT BLOCK
DELT=SELT(NELT}

TEX{4)=1

OX=DELT-VARI(L)

REMA IN=C 1=-NX
REMATK=REMAIN*K]

LTSH=1

NELT=NELT#1

NEL TL=NELTL-1

IF (NELTL.EQ.O) GO TO 37
ELTK=K1*SELTINELT)

G0 TN 37

nx=Ct

TEX(3)=1

GO YO 37

TF (NELTL.EQ.0) GO TQ 35
IF {FLTK.LT.(VARK+REMAIK})} GO TO 29
NDE=RFMAIN

TEX(TI=1

REMATN=0.0

GO T0 37

nx=C1

TEX(3)I=1

TEST=1

GD YO 38

AEGIN RUNGE=KUTTA
TEST=D

NG 39 I=1,N
SIVAR{II=VAR(1I+1)
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INT
INY

JINT

INY
INT
INY
[NY
INT
INT
INTY
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INY
INT
INT
Ny
INT
INT
INT

INT
INT
INT
INT
INT
INT
INT
INT
INT

129
130
131
132
133
134
13%
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
158
169
170
i71



40
41

42

43

44

45

46

47

FROOO

e le

CUVAR(1)=var{ 1)
N0 42 [=1N
SDYUIY=DERIT+1}

COVAR{I+1L)1=SIVARTT )+ (DX®DER( [+1}) /2.0

CUVAR [1)=CUVART 1) +DX/2.0
CALL DERSUSB

IF [11.EQ.4) GO TN A7

NO 43 I=1,N
SDYL{)=SDY(1)#2.0%DER(I+1)

CUVARII+1)=SIVARCI) +(DX*DER(I+1))} /2.0

CALL DERSUB

IF [11.EQ.4) GO TN 87

N0 44 I=1,N
SDY(1)1=S0Y(T)+2.0%0ER{T+1)

CUVARTI41¥=SIVAR(T) +DX*DER{T +1}

CUVARTLI=CUVAR(1I+4DX/2.0
CavLt DERSUR

fF (11.EQ.4) GO TO A7

DO 45 U=1«N
SOYITI={SOYL I }#DER{I+1)) /6.0
CONTINUE

IF (LOOP) 46446448

NN 47 [=1.N
SDYI(1Y=SDY{1}
YINCR(T}=0.0
DER(TI+1})=FDERVIT)
DX=DX/2.0

1Lo0pP=1

G0 TO 40

LD0P WAS NOT ZERD

N 49 I=1,N
YINCR{IY=YINCR(I)+SDY( )
'€ (LODP,.EQ.2Y GO TO S1
NN S0 f=1.N
SIVARIII=VARTIT*#1 1 +DX*YINCRIT}
CUVAR{I+1i=Stvar{t)
CUVAR(1) =VAR111+DX
L.oop=2

CALL DERSUB

IF (11.EQ.4} GO TO 87
GO 70O 41

221

INY
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INTY
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT

INT

172
173
174
L75
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
1s8
199
200
201
202
203
20%
205
206
207
208
209
210
211
212
213
214



51

52
G

53
54

56
56

57

58
59

60
61

62

leBn

63

LOGP=0

H=2 .0 X

Do 52 I=1.N

ERYOVHIT I={YTINCRIT I /2.0=-SDYLIT D) /15.0
ERRVALE T 1=H*ERVOVHIT

SIVARTI }=SIVAR[ 1) +DX®SDY(I )+ ERRVALLIT)

StVAR HOLD THE APPROXIMATE ANSWERS

IF (SCIMAXY 53,54,53

IF {ARS{SCIMAX=CI).LT.1.0F=12} GO TQ 55
IF (ABS(H=C!1.GT.1.0E~12) GO TO 55
DCONE=0

G0 TO 56

DCODE=1

CONTINUE

=0

(=141

IF (1.GT.N) GO TD S8

1F (ARS{SIVAR(I}}LLTLELE2(I}V GO TO 57
RELFER=ABSIERRVALITI)/SIVAR{T}}
IF (RELER.GT.SELEL(TIY GO TO 63
I¥ (RELER.GT.RELMINII)) DCODEs1
60 7O ST

CONTINUF

i¢ {DCODE~1) 59,78.59

CONTINUE

I {SSPECY 62.60.62

IF (SCIMAXDY 6246162

C1=2.0%C1

TEX{8)=1

NHAF=NHAF=~1

GO TO 78

IF {2.0%AR8S(CIV.LE.ARSISCIMAXY) GO TO 61
CI=SCIMAYX

FEX{RY=1

GN TO 78

HALF INTERVAL
NHAF=NHAF+1

TEX(9}=1

NVAR =141

I {(NHAF =81 64,64,98

222

INT
INT
INY
INT
INT
TNT
INT
INT
INTY
INT
INT
INT
INT

INT.

INT
INT
ENT
INT
INT
INT
INY
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
TNY
INY
INT
INT
ENT
INT

215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254%
255
256
257



64

65

66

67
68

69

T0

TL

12

73

T4

If (LTSH.EQ.O0) 60 TO 65
TEST=]

LTSH=0

NELT=NELT=-1
NELTL=NELTL+1
ELTK=K1%SELT{NELT}
REMAIN=0,.0

IF (TPSH.ERQ.Q) GO TO 66
TEST=1

TP=TP=5SPEC

TPK=K1%TP

TPSH=0

IF {SSPEC.NE.D,D) GO TO &7
TEST=0

TF (ABS{CI-2.0%DX).6T.1.E-12) GO

C1=0X

DX=NX%X/2.0

CIK=k1%CT

nn 69 [=1,N
SIVAR{1)=VAR(I+})
DER(I+11=FDERVI T
SOYI{II=YINCRUT)I-5DY(I)}
YINCR(1)=0.0

KK3=2 ‘

IF (1TEXT.EDL.1Y GO 1O 94
tL.Nop=1

G TO 40

CONYINUE

[F {NHAF,.GT,1} GO TO 68
NTS=NTS+ 1

IF (NTS.GTL.13) GO TO &7
ACV=VAR{L1)+CT
ACVK=ACV®K]

1f (NELTL.EQ.Q) GO TO 73
MLT=NFLT
FLTK1=SELTINLTI®*K]

IF (ACYXLT,=LTK]I) GO TO T4
NLT=NLT+1 :
IF [NLT.EQ.NTSY GO TD 76
GD 1O T2

SELTINELTI=ACY

GO YO T7

NLTPL=NLT+1
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INT
INT
INT
INT
INT
INT
INT
INT

INT
INT
INY
INT
INT
INT
INY
INT
INY
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT

INT
INT
INT
INT

INT

[NY
INT
INT
INY
INT
INT
INY
INT

258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
2TH
278
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
291
298
299
300



75

16
T?

-~ VYO

79

an
81
a2

e3
84

85

1.
87

[=NTS
SELTI[I=SELT{I~1)
TF {1.E0.NLTP1) 6O TN 76
1=1-1

GN 1O 75

SSLT{NLT )=ACV

NFL TL=NELTL+1
TEX19}=0

TEX(10b=)
ELTK=K1#SELT (NELT)
G0 TQ 68

DOUBLE PRECISTION UPDATING

Laoge=9

DH=H

Nt 79 {=1,N
PHI=FRVOVHIT)+YINCR{1)/2.0
NPHT=PHIT
CUVARITI¢1t=VAR{T¢ 1t +DHSDPHY
CUVARTLY=VARTL)+OH

CALL DERSUR

IF (11.EQ.4) GO TOD 87

caLl CHSUB

TF {1!=-2) B81.88,80

TEST=0

0N B2 T=14N
FDERV(I)=DER{I21}
SUMHAF=SUMHAFeNHAF~STEPI 1}
STEPCLI=STER(2)
STEP{21=STEP(3)
STEP{3)=NHAF

NHAF=0

IERR=]

IF¥ [SUMHAF=B8) B3, 83,99

DO B84 [=1,NP1
VAR( 1 3¥=CUVARLY)

TEX{12}=1

KK3=4

IF (ITEXT.EQ.1) GO TO 94
IF {TEST,.EQ.LYY GO 7O 19
RPETURN

pr= e

INT
INT
INT
INT
INT
INT
INY
INT
INT
INT
INT
INT
INY
INT
INT
INT
INY
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INY
INT

INT
Iy
INT

ENT
INT

301
302
303
304
305
306
307
308
309
310
311
312
313
3l4
315
316
317
318
319
320
321
322
323
324
325
326
327
azsg
329
330
3n
332
333
334
335
336
337
338
339
340
341
342
343



8g

S0

91

g2
93

94

95
96

RECOMPUTE INTERVAL

TEST=0

NHAF=(

11=1

DX=C1

TEX{1lit=}

KK3=3

IF {1TEXT.ED.1) GO TO 92
CIK=C 1%k 1

nO 99 T=1,N

DER{ T+1)=FDERVII)
CUVAR{II=VAR(]) ,
CUVARIN#1)=VARIN¢ 1}

IF (TPSH.EQ.O) GO TO 91

TP=TP-SPFC

TPE=TP*K]

TPSH=0 :

If (LTSH.E0.O0) GO TD 18 °

NELT=NELT=1 :

REMAIN=D,.0D

NEL TL=NFLTL+1

ELTK=SELT(NELT)I%K )

G0 TO 38

PRINT 113, VAR(L),.DX

G0 TO 95 !

IF (TEX{1}.ED.1) PRINT 10t, VAR(1]

1€ (TEX{2).EQs1) PRINT 102, CI,CTIMAX,SPEC
TF (TEX{3).FQ.1) PRINT 103
1IF {TEX!4).EQ.1l) PRINT 104,
TF (TEXI5),EQ.1) PRINT 105,
IF (TEX{6).FQ.1) PRINT 106,
TF [TEX{TVLEQ.1) PRINT 114,
TF (TEX{S8}.50.1) PRINT 107, CI

IF (TEX19),£Q0.1) PRINT 108, NVAR,CI
I {TEX{10)}.,EQ.1) PRINT L1%5 NVAR,OX
IF (TEX{11}.EQ.1} PRINY 113, VARI1),DX
IF (TEX(129.EQ,1) PRINT 109, VAR(1)
IF {(TEX{13).E0.1) PRINT 110

IF (TEX(14).EQ.1Y PRINT 111

IF {TEX(1S).£Q.,1) PRINT 112

AN 96 1=23,13 ‘

TEX{11=0

IxTxzxT

005

INT
INY
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INY
ENT
INY
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INTY
ENT
INT
INT
INT
INT

ENT
INT
INT
INT
INT
INT
INT
INTY

344
345
346
347
348
349
350
3st
352
353
354
155
358
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
3179
380
381
382
383
3184
385
386



T

29

99

C

100
101
102
103
104

105
106
107
108
109
110
111

112
113

114

115

GO TO (87,70,89.86), KK3 INT

TERR=2 INTY

TEX{13)=1 INT

TEST=0 INT

G0 TO 83 INT

TERR=3 INT

TEX{15)=1 INT

TEST=0 INT

G0 TG 85 TNT

1ERR=4 INT

TEST=0 INT

TEX(1lal=1 INT

GO TG 83 INT

INT

INT

FORMAT (//11H C1 IS IFRO) INY

FORMAT (334 INITTALIZATION STARTS AT VAR{lb=,El6.8/} INT

FORMAT (4H C1=,FE15.8,9H4 CIMAX=3EL5.8.,8H SPEC=,EL5.8/) INT

FORMAT 137H DX 15 THE FULL COMPUTING INTERVAL Ci/) INT

FORMAT [28H DX [S A SHORTENFED INYERVAL E15.8:25H ODUE TO A CRITICINY

1AL VALUE/) INT
FORMAT (284 DX IS5 A SHORTENED INTERVAL ,E15.8,2lH ODUE TO A SPEC VINT

1ALUE/) INT
FORMAT (284 DX IS A SHORTENED INTERVAL ,£15.8.39H DUE T BOTH A SINT

1PEC AND CRITICAL VALUE/) INT
EORMAT {27H CI HAS BEEN LENGTHENED TO ,Fl6.8/1 INT

FORMAT (5H VAR{ ,12,32H) HAS CAUSED C1 TO AE HALVED TQ »E16.8/) INT

FORMAT (27H VAR{1) HAS BREEN UPDATED TO+EL16.8,/1 INT

FORMAT (31H ERROR RETURN-ELT NOT MONOTONTC/) INT

FORMAT (S5H ERROR RETUAN-HAVE HALVED 9 TIMES UVER LAST 3 INTERVALSINT

171 INT
FORMAT {45H ERROR RETURN=HAVE HALVED 9 CONSECUTIVE TIEMES/) INT

FORMAT {31H INTERVAL RECOMPUTED AT VAR(11=,F16.8,9H WITH DX=,EL6,3INT

17 INT
EORMAT {25H DX 1S SHORTENED INTERVALE16.8,248H DUE TO 4 PREVIOUS EINTY

LT VALUE /) INT
FORMAT (5H VAR(,12,32H) HAS CAUSFD NX TO BE HALVED TO ,El6.8,38H BINT

1UT NOT €1 SINCE CT ALREADY SHORTENED/) INT
ND INT
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199
400
401
402
403
404
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407
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SURROUTINE LAGRAN ([ XA,X, YeNy,ANS)
NIMENSION X{2)., Y12}
DIMENSION X12),Y12)
SUM=0.0

DO 2 I=1,N

PRDON=Y(T1)

No 2 J=1,N
A=X{TI=-X( 4}

IF (a) 14241

A= (XA=X( J11/A
PROD=PRON*A

CONTINUE

SUM=SUM+ BROD

ANS=SUM

RETURN

cND

LAG
LAG
LAG
LAG
LAG
L AG
LAG
LLAG
LAG
LAG
LAG
LAG
LAaG
LAG
LAG
LAG
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1 Identification: LF-VGAUSS

2 FORTRAN IV Coded

3 Purpose: To compute the integrals fz Fi(x) ax

4 for i = 1, 2, 3, —=-~, number.

5 PRestrictions: An EXTERﬁAL statement for the name of the subprogram,

6 FUNC (x, FOFX), must appear in the calling program. If

7 values other than x and FOFX are needed in FUNC, they may
8 be transmitted via COMMON. FOFX {NOFX) and SUM(NOFX) must
g be dimensioned in the calling progran.
10 Usage: Call VGAUSS (A, B, N, SIM, FUNC, FOFY, NO¥FX, K)
11 where A - Lower Limit of integration

12 B ~ upper limit of integration

13 ¥ - An integer used to divide the interval (a, b)

14 The intervel (a, b) is divided inte N equal intervals
15 and & K-point quadrsture is performed on each of the
16 intervals.

17 SUM(NOFX) - One dimensiocnal array for answers

18 FUNC(x,FOFX) - Name of subprogram which evaluates F{ x)=
19 (Only two arguments in list.)

20 FOFX(NOFX) - One-dimensional afray for the functions e-
21 valuated in FUNC,

22 NOFX - The number of functions tc be evaluated

23 K - An integer which determines the quadrature formulsas

2k the routiﬁe will use. K may equal 3, 4, ---10, 16, 32.
25
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1 Accuracy: ' The routine is at least as accurate as Simpson's rule.
2 The accuracy depends cn N and K.

3 Method: 7 Gauss Quadrature Method: This technique gives the most

=

sccurate quadrature formula for a given number of ordinates,
The interval (a, b) is subdivided into X ¥ N intervals.
Thus, if ¥ is 5 and K is 10, the number of points used
to caleulate the integrel is 50.

Storage: 364 Octal

W@ 1 Ov AN

10

12

|
|
|
11 !
: l
14 i
15 j
16 |
17

18 |

19

21
22
23
2L
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sNelxNa s NeNeNeNe NeNe Xl

o

SUBROCUT TNE VGAUSS (A+BeNySUMGFUNC 4FOFX4NOFX, K ) VGS
VGS

SUBROUTINE TO USE VARIABLE GAUSSIAN WEIGHTING VALUES VGS

A = LOWER LIMIT OF INTEGRATION VGS

B = UPPER LIMIT OF INTEGRATION VGS

N o= INTEGER TN GIVE N, NF INTERVALS, T. I = N ® K VGS
SUMINNFX) = ANSHER ARRAY, ON RETURN = 0, [F A=8. VvGS
FUNC = NAME OF ROUTINE, TYPED EXTE®NAL. TO SOLVE F{X) VGS
FOFX{NOFX) = ARRAY 0OF FUNCTIONS EVALUATED AT X IN FUNC VGS
NOFX = THE NUMRER QOF FUNCTIONS T 8F (NTEGRATED ’ VG5

K = INTEGER TO CHOOSE WEIGHTINMG TABtE VG5

= Oyl y5ebeTeBe+D:10+16, OR 32 vGS

' VGS

DIMENSION U(S2), R(52), [TAR(B), FOFX{NOFX), SUM{NOIFX) vGS
VG5

DATA 1UCI)e1=1452)1/025+a1127T01664+330009474.00943184% %s10a5+.230T653VGS
1452046910077 +.38065040,.16933530,.03376524240:54+425707742+.1292344VGS
204 a025446043¢ 4082826740 23723379,.0101666T64.3L38550T1+Je5,.33T78732VGS
38,.19331420,.081904446,+.015919890,4.425562R3, .28330230.,16029521, .0VGS
46T46R316,,0130467354.45249374,.35919822,.2709910l+.191061R07,.12229VGS5
5779,.06T184393,.02T77124894.0052995325,.475840l0+.427 76401y .3803563VGS
61433406569 o 2RY32436+.246550044 ,20614212,.168347T86, «13390894,4,.102VGS
775810, 0753161934.051839422,.032546962+.017618872,.0u71942442,.00LVGS
83680690/ VGS

DATA (RIT)I=1+52 17422222222 02T TTTTTT2.326072508,.17392142,.142222VGS
122, .239314334 .11846344,423395656,.18038078+.085002246,.1044897G9,,1VGS
29091502+413985269,.064742483,.18134199,.15695332,.4111205%,.050614VGS
3268+ «0825598384.15617353,.13030534,.090324000:e0U40637194,.147T6211VGS
44413463335,,10954318,.07T4725674+ 333335672y 094T723305,,091301707,.VGS
S0R45T8259,0T4797994,.0623144R5, .047579755,5.,031L1£0761:.U13576229,4.VGS
6482730044 .3478193360,.04692219% « 1455869394, 34382006 6004169559621+ VGS
T029096947,.036172897,.M032911111+.029342046+.025699029:0,0321417949,4,VGS
BOl7136931,.3126960332,.9081371973,,00353930580/,ITABL L), 1=1,8370,2:VGS

94,7+ 100 1441823/ VGS
VGS

DO 1 L=1,NOFX VGS

SUM(L)=0.0 : VGS

TE {A.EQ.B) RETURN vGS

NN=(K&1 172 VGS

IF (K=16) 2,3,4 VGS

JSITAB(K=2) vGS

GO TO 5 VGS
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1=28

RO TN §

1=36

FINE=N

DELTA=FINE/(B=-A)

NO T KK=1¢N

Xi=KK~]

FINF=A&¢XT/DELTS

D0 6 [=1.NN

Leg=Te)
Yi)=y{tRB ) /DELTA+FINE

CALL FUNC {UU.FOFX)

M & JA=1,NOFX

SUMTIB) =R{LRBYXFOFX{ JB) +SHM( JR)
N T 1J=1.NN

LRA=J i+ §

U= {1.0=-UfLRB}I/DELTASFENE
CALL FUNC [UU,FOFX]

03 7 JB=1,NOFX

SUMT IBY=RILRBY¥FOFR( R Y+SURT JBY
ND 8 NX=1.NOFX
SUMINXI=SUMINX)I/DELTA
RETURN

END

VG5
VGS
vGS
VGS
VGS
VvGS
VGS
VGS
VGS
VGS
VvGS
VGS
vGS

VG5

vGS
VGS
VG3
VGS
VGS
NGS
V5SS
VGS
VGS
VvGS



AVo RN o - B A T Y P~ ¢

10

12
13
14
15
16
17
18
19
20
2],
o2
23
2L
25

NASA-Langley Form 22 (Apr €9)

10.

11.

REFERENCES

Bradshaw, P.: BRoundary—Layer Problems of 1967. NPL Aerc Rep. 1253,
Brit. A.R.C., Sept. 1967.

Rotta, J. C.: Recent Developments in Calculation Methods for Turbulent
Boundary Layers With Pressure Gradients and Heat Transfer. Trans.
ASME, Scr. E.: J. Appl. Mech., vol. 33, no. 2, June 1966, pp. 429—
by,

Hornung, H. G.: A Survey of Compressible Flow Boundary Layers — Theory
and Experiment. Rep. ACA 67, Dep. Suprly, Australian Aeronaut. Res.
Comm., Feb. 1966, ‘

Beckwith, Ivan E.: Recent Advances in Research on Compressible Turbulent
Boundary layers. Analytic Methods in Aiveraft Aerodynamics, NASA
SP-228, 1970, pp. 355-L16.

MeDonald, Henry: An Assessment of Certain Procedures for Computing the
Compressible Turbulent Boundary Layer Development. Compressible
Turbulent Boundary Layers, NASA §P-210, 1968, pp. 181-229,

Hopkins, Edward J.; Keener, Earl R.; and Louie, Pearl T.: Direct
Measurements of Turbulent Skin Friction on a Nonadisbatic Fiat Plate
at Mach Number 6.5 and Comparisons with BEight Theories. NASA TN
D-567%, 1370. '

Spalding, D. B.; and Chi, 5. W.: The Drag of a Compressible Turbulent
Boundary Layer on a tmooth Flat Plate With and Without Heat Transfer.
J. Fluid Mech., vol. 1&. pt. 1, Jan. 1896k, pp. 117-143%.

Bushnell, Dennis M.; Johnson, Charles B.; Harvey, William D.; and
Feller, William V.: Comparison of Prediction Methods and Studies
of Relaxation in Hypersonie Turbulent Neozzle Wall Boundoary Layers.
NASA TN D5L33, 1069,

JohnSon, Charles B.; Boney, Lillian R.; Fllison, James C.; and Erickson,
Wayne D.: Real-Gas Effects on Hypersonic Nozzle Contours With a
Method of Calculation. NASA TN D-1622, 1963,

Fluid Motion Sub—Committee of the Aevcnautical Ressarch Council: Modern
Developments in Fluid Dynamics. High Speed IFlow. Vol. I1, L.
Howarth, ed., Clarendon Press (Oxford), 1953.

Shutts, W. H.; Hartwig, W. H.; and Weiler, J. E.: Iinal Report on
Turbulent Boundary—fayer and Skin—Friction Measurements on a Smooth,
Thermally Insulated Flat Plate at Supersonic Speeds. DRI~364,
CM-823 (Contract NOrd-9195), Univ. of Texas, Jan. 5, 1955.

235



=

M ® 3 ov o\

10

12
13
14
15
16
17
18
19

21
22
23
2l
a5

1=z.

13.

1.

15,

16.

17.

18.

19.

20.

21.

ez,

25,

Coles, Donald: Measurements in the Boundary Layer on a Smooth Flat
Plate in Supersonic Flow. TII. Measurements in z Flat-Plate
Boundary Layer at the Jet Propulsion Laboratory. Report No. 20-71
(Contract No. DA-O4—+95—0rd 18), Jet Propulsion Lab., California
Inst. Technol., June 1, 1§53.

Danberg, James C.: Measurement of the Characteristics of the Compress—
ible Turbulent Boundary Layer With Air Injection. NAVORD Rep. 6683,
U.5. Navy, Sept. 3, 1959.

Darberg, James E.: Characteristics of the Turbulent Boundary Layer
With Heat and Mass Transfer: Data Tsbulation. NOLTR 67-6, U.S.
Navy, Jan. 23, 1967. (Available from DDC as AD 650 272.)

Danberg, James E.: Characteristics of the Turbulent Boundary Layer
With Heat and Mass Transfer at M = 6.7. NOLTR 64-99, U.S. Navy,
Oct. 19, 1964. (Aveilable from IDC as AD 452 L71.)

Winkler, Eva M., and Cha, Moon H. Investigation of Flat Flate Hyper—
sonic Turbulent Boundary Layers With Heat Transfer at a Mach Nuﬂber
of 5.2, NAVCRD Rep. €631, U.S. Navy, Sept. 15, 1959.

Gooderum, Paul B.: An Experimental Study of the Turbulent Boundary
Layer on & Shock-Tube Wall. NACA TN b2L3, 1958,

Adcock, Jerry B.; Peterson, John B., Jr.; and McRee, Donald I. Exper—
imental Investlgatlon of a Tufbulcnt Boundary Layer at Mach 6 High
Reynolds Numbers, and Zero Heat Transfer. NASA TN D—2907, 1965

Allen, Jerry M.; and Monta, William J. Turbulent-Boundary-Layer
Characteristics of Pcinted Slender BDdlES of Revelution at Supersonic
Speeds. NASA TN D-%193, 1967.

Monaghan, R. J.; and Cooke, J. R.: The Measurement of Heat Transfer
and Skin Friction at Supersonic Speeds. Part IV — Tests on a
Flat Plate at M = 2.82. (.P, No. 140, British A.R.C., 1953.

Pinckney, S. Z.: Data on Effects of Incident-Reflecting Shocks on the
Turbulent Boundary Layer. NASA TM X-1221, 1966.

Wilson, R. E.: Characteristics of Turbulent Boundary Layer Flow Over &
Smooth, Thermally Insulated Flat Plate at Supersonic Speeds. DRL 301,
CM~712 {Contract NOrd—9195 Univ. of Texas, June 1, 1952,

Maddalon, Dal V.; and Henderson, Arthur, Jr.: Boundary Layer Transition

on Sharp Cones at Hypersonic Mach Numbers. AIAA J., vol. 6, no. 3,
Mar. 1968, pp. 424431,

236

NASA-Langley Form 22 {Apr 69)



1 2%, Henderson, A.; Rogallo, R. £.; Woods, W. C.; and Spitzer, C. R.:
Exploratory Hypersonic Boundary—layer Transition Studies. ATAA g,

2 vol. 3, no. 7, July 1965, pp. 1363-136k.

] 25. Scaggs, Norman E.: Boundary Layer Profile Measurements in Hypersonic
Nozzles. ARL 66-01k1, U. 8. Air ¥orce, July 1966.

I

26. Johnson, Charles B.; and Bushnell, Dennis M.: Power—Law Velocity—
Profile Exponent Variations With Reynolds Number, Wall Cooling,
and Mach Number in a Turbulent Boundary Layer. NASA TN D-5T753,
1970.

Lomax, Harvard; and I[nouye, Mamoru: Numerical Analysis of Flow
Properties About Blunt Bodies Moving at Supersonic Speeds in An
Equilibrium Gas. NASA TR R—204, 196k,

0w @ N o W
"

28. Eckert, E. R. G.: Fngineering Relations for Heat Transfer and Friction
. in High—Veloecity Laminar and Turbulent Boundary-Layer Flow Over

10 Surfaces With Constant Fressure and Temperature. Trans. ASME,

vol. 78, no. &, Aug. 1956, vp. 1273-128%,

2Y9. Hansen, C. Frederick: Approximations for the Thermodynamic and Trans—
12 port Properties of iligh-Temperature Air. NASA TR R-50, 1959.
(Supersedes NACA TN k150.0

13 .
50. Fopkins, Edward J.; Rubesin, Morris W.; Tnouye, Mamoru; Keener, Farl R.;
1k Mateer, George C.; and Polek, Thomas E.: Summary and Correlation
of SBkin-Friction and Heat—Transfer Data Tor a Hypersonlc Turbulent
15 Boundary Layer on Simple Shapes. WNASA TN D-5089, 1969.

16 31. Van Driest, L. R.: The Yroblem of Aerodynamic Heating. Aeronaut.
Eng. Rev., vol. 13, ne. 10, Oct. 1956, pp. 2641,
17

32. Cary, Aubrey M., Jr.: OSummary of Available Information on Reynolds
18 fnalogy for Zero—Pressure—Gradient Compressible, Turbulent-Boundary—
Iayer Flow. NASA TN D-55A0, 1970,

19
3%. Wilson, Donald M.: A Correlation of Heat-Transfer and Skin—¥riction
20 Data and an Experimental Reynolds Analogy Factor for Highly Cooled
Turbulent Boundary Layers at Mach 5.0. NOLTR-69-51, U.S. Navy,
21 Mar. 5, 1969. (Available from DDC as AD 690 ksh.)

e2 4. Inouye, Mamoru; Rakich, John V.; and Lomax, Harvard: A Description of
Numerical Methods and Computer Programs for Two-Dimensional and

23 Axisymmetric Supersonic Flow Over Blunt-—Nosed and Flared Bodies.

ol NASA TN D—2970, 1965.

35. Stainback, P. Calvin (With appendix by P. Calvin Stainback and Kathleen
C. Wicker}: Effect of Unit Reynolds Number, Nose Bluntness, Angle of

Attack, and Roughness on Transition on a 5° Half-Angle Cone at Mach 8.
NASA TN DU961, 1969.

25

NASA-Langley Form 22 {(Apr 69) 237



Lo TN« - TR B Y .

10

12
13
14
5
16
17
18
19
20
21
22
23
2k
25

57 -

38.

9.

Lo.

41,

Lz,

Potter, J. Leith; and Whitfield, Jack D.: Effects of Slight Nose
Bluntness and Roughness on Boundary-Layer Transition in Supersonic
Flows. J. Fluid Mech., vol. 12, pt. 4, Apr. 1962, pp. 501-535.

Cary, Avbrey M., Jr.: Turbulent-Boundary—Layer Heat-Transfer and
Transition Measurements With Surface Cocling at Mach 6. NASA T
D-5863, 1970.

Harris, Julius Elmore: Numerical Solution of the Compressible Laminar,
Transitional, and Turbulent Boundary Layer Equations With Comparisons
to Experimental Data. Ph. D. Thesis, Virginia Polytech. Inst.,

May 1970C.

Softley, E. J.; Graber, B. C.; and Zempel, R. E.: Experimental
Observation of Transition of the Hypersonic Boundary Layer. AIAA
J., vol. 7, no. 2, Feb. 1969, pp. 257-263.

Stainback, P. Calvin: Heat-Transfer Measurements at a Mach Number of
L .95 on Two 60° Swept Delta Wings With Blunt Leading Edges and
Dihedral Angles of 0° and 45°. NASA TN D-549, 1961.

Bertram, Mitchel H.; and Neal, Luther, Jr.: Recent Experiments in
Hypersonic Turbulent Boundary Layers. Presented at the AGARD
Specimlist's Meeting on Recent Developments in Boundary-Layer
Research (Naples, Italy), May 10-1k, 1965.

Johnson, Charles B.; and Boney, Lillien R.: A Simple Integral Method

for the Caleculation of Real Gas Turbulent Boundary Layers With
Varisble Fdge Entropy. NASA TN D-6217, 1971.

238

NASA-Langley Form 22 (Apr 69)





